
ED 384 474

TITLE

INSTITUTION

SPONS AGENCY

PUB DATE
CONTRACT
NOTE
PUB TYPE

EDRS PRICE
DESCRIPTORS

IDENTIFIERS

ABSTRACT

DOCUMENT RESUME

RC 020 177

Science and Math Assessment in K-6 Rural and Small
Schools. Rural, Small Schools Network Information
Exchange: Number 14, Spring 1993.
Regional Laboratory for Educational Improvement of
the Northeast & Islands, Andover, MA.
Office of Educational Research and Improvement (ED),
Washington, DC.
93

RP91002008
185p.; Photographs will not reproduce adequately.
Collected Works - General (020)

MF01/PCO8 Plus Postage.
*Academic Standards; Curriculum Based Assessment;
Educational Change; Educational Practices;
Educational Testing; Elementary Education;
*Elementary School Mathematics; *Elementary School
Science; Evaluation Methods; Informal Assessment;
*Portfolio Assessment; Program Descriptions; *Rural
Education; *Student Evaluation
*Alternative Assessment; Authentic Assessment

This packet includes reprints of journal articles and
other resources concerning the assessment of science and math in
small, rural elementary schools. Articles include: (1) "Standards,
Assessment, and Educational Quality" (Lauren B. Resnick); (2) "A True
Test: Toward More Authentic and Equitable Assessment" (Grant
Wiggins); (3) "How World-Class Standards Will Change Us" (Arthur L.
Costa); (4) "Smart Tests" (Deborah L. Cohen); (5) "Laser Disk
Portfolios: Total Child Assessment" (Jo Campbell); (6) "Portfolios
Invite Reflectionfrom Student's and Staff" (Elizabeth A. Hebert);
(7) "Portfolio Assessment in the Hands of Teachers" (Clare Forseth);
(8) "Portfolio Assessment" (Susan Black); (9) "Assessing the Outcomes
of Computer-Based Instruction: The Experience of Maryland" (Gita Z.
Wilder, Mary Fowles); (10) "Why Standards May Not Improve Schools"
(Elliot W. Eisner); (11) "Assessing Alternative Assessment" (Gene I.
Maeroff); (12) "Assessment Recordkeeping in a Non-Graded
Developmentally-Based Program" (Elsbeth Bellemere, Jeanne King); (13)
"Strategies for the Development of Effective Performance Exercises"
(Joan Boykoff Baron); (14) "Evaluating Elementary Science" (Rodney L.
Doran and others); (15) "Science for All: Getting It Right for the
21st Century" (Kenneth M. Hoffman, Elizabeth K. Stage); (16) "Active
Assessment for Active Science" (George E. Hein); (17) "The Nature of
Elementary Science: What Does 'It' Look Like?" (Gregg Humphrey); (18)
"Assessment: What Is 'IT'?" (Gregg Humphrey); (19) "What's Worth
Assessing?" (Monte Moses); (20) "Creating Benchmarks for Science
Education" (Andrew Ahlgren); (21) "Assessment, Practically Speaking"
(Lehman W. Barnes, Marianne B. Barnes); (22) "Getting Connected to
Science" (Candace L. Julyan); (23) "EDTALK: What We Know about
Science Teaching and Learning"; (24) "What We've Learned about
Assessing Hands-On Science" (Richard J. Shavelson, Gail P. Baxter);
(25) "NCTM's Standards: A Rallying Flag for Mathematics Teachers"
(Thomas A. Romberg); (26) "Measuring What's Worth Learning"; (27)
"Report Offers Glimpse of Mathematics Assessment of the Future"
(Robert kothman); (28) "The Power of Thinking Mathematics" (Alice 3.
Gill, Lovely H. Billups); (29) "Bringing Meaning to Math with a
Student-Run Store" (Deborah Black); (30) "Employer Expectations for
School Mathematics" (Henry 0. Pollak); and (31) "Evaluating Problem
Solving in Mathematics" (Walter Szetela, Cynthia Nicol). (LP)

1



RURAL, SMALL SCHOOLS NETWORK

INFORMATION EXCHANGE

Number 14

SPRING 1993

SCIENCE AND MATH ASSESSMENT
IN K-6 RURAL AND SMALL SCHOOLS

"PERMISSION TO REPRODUCE THIS
MATERIAL HAS BEEN GRANTED BY

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)."

U.& DEPARTMENT OF EDUCATIONMc* of Educational Research and Improvement
EDUCATIONAL RESOURCES INFORMATION

CENTER (ERIC)/NS document has been reproduced asreceived from the person or organization
oncenating ft

O Minor changes have been made to Improve
(*Production Quality

Points of view or opinions stated in this docu-
ment do not nOCOSSanly fepreSent officialOERI position or policy

The Regional Laboratory
for Educational hnia Nentent of the Northeast & Islands

BEST COPY AVAILABLE

This publication is based on work sponsored wholly or in part by the U.S. Department of Education
under contract number RP 91002008. The content of the publication does not necessarily reflect
the views of the department or any other agency of the U.S. Go ment.



The Regional Laboratory
for Educational Improvement of the Northeast & Islands

Spring 1993

Dear Rural, Small School Leader:

The need for alternative assessment methods is evolving alongside a growing shift from
schools that are content-centered to schools that are learner-centered. Higher order
thinking processes, decision making skills and cooperative grouping strategies are just a
few of the myriad student proficiencies that schools are choosing to assess. The range of
articles in this Rural, Small Schools Network Information Packet includes a discussion of
assessment standards, an overview of a variety of assessment methods, and descriptions
of 'state of the art' science and math programs.

Students are assessed on what they learn; as well as how they respond to a test. In the
past educators have relied heavily on one testing instrument. Multi-faceted assessment
instruments like portfolios, essays, multiple choice questions, and hands-on presentation
instruments now provide a more in-depth perspective of what students have learned as
well as offering students a variety of ways to demonstrate their knowledge.

We hope you find this packet informative as you look at assessment as a way of
gathering information about students' learning processes. An evaluation card has been
provided so you can send us your feedback. We also welcome your suggestions for
future Information Exchange Packet topics. Please jot any ideas you may have on the
card or contact us at the Rural, Small Schools Network, 83 Boston Post Road, Sudbury,
MA 01776, (508) 443-7991.

John R. Sullivan, Jr., Ed.D.
Program Director
Rural, Small Schools Network

Sincerely,

Virginia L. Warn
Associate Program Director
Rural, Small Schools Network

Servin:.; Nett E/whin(l. Nott Inrk. Puerto Rico. and the U.S. Wiwi') Islands

300 Brickstune Square: Suite 900. indoter IN 01810 (508) 470-0098 Fax (508)475-9220
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Standards, Assessment, and
Educational Quality

American schools are
underachieving institutions.
Their aspirations are too low and
they are not working up to
capacity. The reason lies not in
students learning less than before.
Indeed, scores on tests of "basic skills" have risen over the
past two decades.' But students are not learning the skills
and knowledge they will need in the future. Why is this
so?

by

Lauren B. Resnick

National performance
standards can play a
vital role in systemic

education reform.

Schooling as we know it today was designed early in
this century) It aimed to educate a small elite of future

Dr. Lauren B. Remick is the director of the Learrung Research and
Development Center at the Untuerury of Pittsburgh and a Professor in
the Department of Psychology and School of Education as the Univ.
of Piasburgh. She is also the co-director of the New Standards
Project, which is developmg a new national student performance
assessment system. Preparation of this paper was supported by grants
from the Pew Charitable Trusts and the John D. aid Catherme T.
MacArthur Foundation for the work of the New Standards Project.
An earlier version of the paper was irreserued at the annual meeang of
the American Educational Research Assoc-v.:mon, April 1992, as part
of the symposnan: "The Federal Reform of Education: Boon or
Bane for American Public Schools.'

WINTER 1992-93

leaders managers, engineers,
physicians, lawyers, and other
professionals to use their minds
well. For the majority of students,
however, educational aims were
much more modest. The goal was

to teach basic citizenship and to inculcate the limited
skills young people would need to take their places as
workers in an economy needing many more willing hands
than active minds. It was a mass production form of
education suited to the mass production economy of the
time.' Broad, liberating education for the many was
considered unnecessary and unachievable. American
tests, the standardized tests that report on children's and
schools' "grade level", are the products of mass production
education' They assess students' command of disembodied
bits of information, not their ability to analyze complex
situations or marshal knowledge to solve problems.' Yet
these tests substantially control what is taught in schools.

The strategy seemed to work for many decades:
Living standards rose for more and more Americans and
American democracy seemed secure' But the world at
the beginning of the next century will bear few rewards for
individuals or nations that limit themselves to educating
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only a few to think.' To maintain a high-wage economy,
almost all individualswill have to think their way though
their workdaysanalyzing problems, proposing solutions,
troubleshootingandrepairing equipment, communicating
with others, and managing resources of time and materials.
For the first time since the Industrial. Revolution, the
human resource needs of a vibrant economy and the civic
requirements of a truly participatory democracy are
converging. The time has come for American schools to
set their sights higher, to move from their inherited
preoccupation with low-level fact and skill learning to
the goals of thinking, reasoning, and problem-solving for
every student.

Doing so will require the most thorough revision of
aspiration and practice that any set of institutions has
ever known. It will necessitate setting new standardsof
quality and mobilizing all resources to ensure that every

The time has come for
American schools to set their
sights higher and address the
goals of thinking, reasoning
and problem-solving.

single child, regardless of the child's race, language,
origin, or presumed native ability, has the learning
opportunities needed to meet those standards. It will
mean re-educating teachers to work in new ways and
giving them the authority they will need to set a new
course with their students. New methods of assessing
student achievement will be essential in this
transformation.

New forms of assessment, assessments based on
complex task performances, scored by trained and
thoughtful judges, can release educators from the grip of
testing programs that drive instructional attention away
from thoughtfulness and complex applications of
knowledge. They can exemplify new standards for
achievement and provide clear representations of what
students should now be striving to learn and teachers
teach.

Standards and assessment alone, however, will work
no magic. Real educational improvement requires
interlocking and coherent changes in several components
of the education system. These include curriculum,
textbooks, teacher preparation, and continuing
professional development. Further, for these elements to
sustain themselves, there will need to be fundamental

LAUREN B. RESNICK

changes in the way schools are managed and in how
schools relate to families, communities, and the social
service delivery system. Stimulating and enabling these
interlocking changes constitutes a systemic reform po licy
the only kind of policy likely to produce the new levels of
student achievement that are sought.

PERFORMANCE STANDARDS AND
SYSTEMIC CHANGE

S4 9

Implementing systemic change requires attention
not only to how the elements of a system function
together in equilibrium, but to how they might influence .

one another in a period of disequilibrium, and which
elements might be most susceptible to organized,
intentional modification. In some countries, an effort at
national improvement of education would begin with
attention to curriculum and, perhaps, organizational :

structure, including teacher certification requirements.'
Both of these would fall under the purview of a ministry
of education with the power. after consultation appropriate
to the country's processes, to impose the curriculum and
the new forms of organization. Textbooks, exams, and
the content of teacher education programs would change
in due course in response to the mandated curriculum.

In countries that, like us, have traditions of local
rather than national control of education, this centralized
approach to changing the system is not available. Some
countries, most notably Britain, have responded to this
condition by overthrowing significant aspects of the
local control tradition and moving toward a national ;

curriculum.9 We in the United States are trying to induce
systemic changes without federalizing education and
without creating a controlling national curriculum. We .:
need a different point of departure. What are the
possibilities!

Three frequently proposed starting points for reform
are textbooks, teacher education, and education
governance. All are crucial to a full program of systemic
reform. But none of the three serves as a promising
starting point. Consider textbooks first. These serve as a
kind of de facto national curriculum, and changes in
textbooks would strongly influence what is taught and
learned. But because textbook publishers respond
primarily to market incentives, a radical change in demand
from purchasers ( i.e., educators) must be created.
Textbook publishing can be expected to follow, not lead,
the reform effort.

The prospects are not much better for teacher
education as a starting point. The argument for reforming
teacher education is compelling; only a quite differently

STANFORD LAW Si. POLICY REVIEW



STANDARDS, ASSESSMENT, AND EDUCATIONAL QUALITY

prepared teaching force will be able to educate students
in the new, more demanding ways that are required for
the future. But teacher education in this country is
largely controlled by institutions with even greater
traditions of "local" control than the public schools.
Individual faculty at colleges and universities substantially
control their own programs of instruction. No one has
proposed a convincing and, at least for the moment,

We in the United States are
trying to induce systemic
change without federalizing
education and creating a
controlling national
curriculum.

politically viable means of d irectly inducing the hundreds
of institutions responsible for educating teachers to make
radical changes in what they do themselves or demand of
future teachers. Furthermore, even with major changes
in pre-service teacher education, it would take a long
time to change schooling practice. Newcomers to any
profession are not well positioned to cake the lead in
changing practice. For many years to come, the vast
majority of teachers in place will have been educated in
the "old" ways. Means must be found to more directly
affect the practices of those already in the teaching force.

What about changing the management structure of
educationgiving local educators and parents more direct
decision-making power? There seems little doubt, for
reasons discussed below, that such changes are essential
to overall systemic reform. Apart from a few schools with
substantial outside resources, however, changes in
management and decision making have, so far, rarely
produced significant changes in curriculum, teaching,
and learning. Those that have reached such results have
almost always depended upon exceptional individual
leaders.'° These leaders often negotiate special privileges
for the schoolfor example, freedom from certain
mandated tests during an experimental period, the right
to choose faculty in ways that are not standard in their
districtand sometimes raise extra funds from
foundations and other donors. Such schools are tolerated
as exceptional experiments that do not really challenge
the normal ways in which the system works. Without a
change in the surrounding system, exceptional schools of
this kind are fragile and likely to be driven back to

WINTER 1992.93

ordinary ways of proceeding as soon as they become too
visibly successful or their special advocates move on so
new challenges.

Performance standards are a promising start for
systemic change. We need an education system in which
good schools that have high expectations for students
and that work hard to meet them can thrivewhere
good schools are the norm rather than exceptions needing.
special protection. We should organize education so that
it does not depend upon a few exceptional people putting
out extraordinary effort, but relies instead upon thousands
of competent and committed people working in concert
with, rather than against, the "system." Performance
standards represent the best means to achieve this. Such
standards provide tangible goals that students can strive
to achieve. Standards also allow teachers to measure
student performance against an objective criterion of
excellence. If we can agree on national standards for
student achievement and create conditions in school
systems all over the country in which those standards are
internalized and made the centerpiece of educators and
students' efforts, there is a good probability that
curriculum, professional development, textbooks, and,
eventually, teacher preparation can be changed so that
the entire system is working toward the standards.

INTERNALIZED STANDARDS: KEY TO A
NEW CULTURE OF TEACHING

This approach may sound like a prescription for
federal, or at least national, tests or exams tied to standards
set by a committee of experts. It is not. National standards
alone will not achieve our goals. Standards must be
internalized. Unless standards are held as personal goals
by teachers first, and eventually by studentslittle in the
way of profound educational change can result from a
standard-setting and assessment process. Let us consider
why this is so.

If a national test embodying the highest standards
of a thinking curriculum could be created in Washington
and given to every student in America, with test scores
sent back to schools from a national office, educators
might hope to change their school's performance
especially if some consequences for themselves or their
students were attached to test scores. But if educators did
not understand in a profound manner the differences
between high and low scores, they would not know how
to direct their efforts. Adclitionai I if educators were not
personally invested in the standards and assessments
based on them, the various forms ofcheating and"working
around the system" that have bein amply documenked in

I 0
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studies of test-based, high-stakes reform efforts would be
likely to dominate educato: -31 response."

For these teacarts, an effective'role for the federal
governmentor any national agencyin educational
reform cannot be the apparently simple one of imposing
standards from above or afar. The real task is not to
announce new standards, but to create an educational
culture in which working to achieve those standards
pervades the system because the standards have become
the internalized goals of everyone in the system.

Leading businesses working to become high-
performance organizations understand this point. 12 They
do not attempt to raise quality by putting in tougher
reject standards at the end of the production line. Instead,
they mount a complex process of engaging employees to
understand new business requirements, reorganize their

IUnless standards are held as
personal goals by teachers
and students, little in the way
of profound educational
change can result.

work patterns, and set the quality standards toward
which they will work. A new culture, not a set of
mechanical procedures, is at the heart of a transformation
in quality.

Education can do no less. Changing standards and
assessments by themselves will not substantially 'change
real learning. Those changes will come only when
teachers act as professionals who internalize and
voluntarily work toward the standards of their field.
Promoting that internalization must lie at the core of any
strategy for educational reform.

DEVELOPING INTERNALIZED
STANDARDS: SOME PRINCIPLES
FOR ACTION

How can we achieve this goal? We need some
principles for designing a standards-based systemic reform
effort. The principles that follow guide the work of the
New Standards Project a partnership of seventeen
states and *six major school districts which have joined
together to develop alternative approaches to setting

56
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education standards and assessing student achievement."
They are working to develop a system of assessments in
which varied local assessments can be benchmarked to a
shared set of national standards.

Engage Teachers as Central Actors in Standard
Setting and Assessment Development

This approach is not limited to a few teachers wh)
represent the teacher point of view in a committee of
experts, but rather every teacher whose students will be
judged by the standards and assessment. Teachers in
schools throughout the country must be involved in
developing assessment tasks and scoring student work.
The primary actors in the work of the New Standards
Project have been teachers. Teachers have been our
initial assessment task developers. Nearly 500 teachers
participated in administering performance assessments
in the New Standards fourth grade trial assessments in
mathematics and literacy last spring. This same group,
led by a set of specially trained lead teachers, will also be
responsible for scoring the assessments.

Create a Culture Incorporating Professional
Discussion of Standards for Student Work

This guideline represents an extension of the
previous principle, specifying how the engagement of
teachers in the standards process ought to proceed.
Imagine that all the teachers involved in scoring
assessments participated in extensive professional
discussion of why particular student performances
warranted particular scores. Teachers working in this
kind of a standards and assessment system would become
self-conscious, reflective judges of student work. Further.
if they participated from time to time not just in applying
scoring criteria developed by others but in developing
criteria and arguing for them, the standards would come
to be "owned" by the teachers. Such standards would be
internalized. Teachers would be motivated not just to
raise scores, but to meet quality standards they understood,
believed in, and had some degree of control over. In the
New Standards Project, teachers administering the new
assessments participated in orientation discussions in
which curriculum was discussed and responses of students
to the assessment tasks were reviewed. As the project
unfolds, new participating teachers will become members
of ongoing work groups in which they generate and
critique tasks, analyze student performances, and design
and apply scoring criteria.

11. STANFORD LAW & POLICY REVIEW



STANDARDS, ASSESSMENT. AND EDUCATIONAL QUALITY

Embed Most Assessment in Regular Curriculum
Work Rather Thar. in "One Shot" Examinations

Assessments need not be limited to what students
can do in scheduled, supervised exams. Experiments in
many individual schools, and now in two entire states
(Vermont and Kentucky) show that collected portfolios
of students' work, much like the portfolios artists prepare
for art juries. can provide rich evaluations of students'
capabilities." These portfolios might contain the results
of extended projects, exhibitions prepared by the student,-
and special performances, thus applying to the academic
realm the practices of the visual and performing arts,
sports, and scouting "merit badges." In a portfolio system,
assessments are not separate from the curriculum; they
are part of it, a special window on the regular work of the
student. The New Standards assessment system will
place portfolios of individual student work at its heart.
Scheduled performance exams will be used primarily to
anchor and audit portfolio-based scores.

There are many reasons to use such curriculum-
embedded assessments as the major methods to judge
student performance. Not least, the extended activities
that can be included in portfolios come closer to reflecting
deep educational goals than do scheduled exam questions.
Such assessments also give students multiple and varied
opportunities to show their competencies. But one
fundamental benefit is that curriculum-embedded
assessments, by definition, can permeate the teaching
and learning process. In the most effective use., of
portfolio assessment, students, working with their
teachers, play a major role in selecting what should be
presented as their representative and best work. Perhaps
the most important benefit of such a portfolio process
involves its capacity to develop self-reflective judgment
capacities on the part of both students and teachers. This
is the kind of internalization process for which we are
aiming.

Make Standard Setting a Public Process

Teachers and other educators must be central actors
in developing education standards, but they cannot be
solely responsible. Education is a social good, in which
many elements of society have a stake. Unless there is a
general consensus about educational goals and standards,
educators will be subject to continual pressures that will
weaken or disable their efforts tomeet standards they may
have adopted. In many European countries, after exams
are given, examination questions are published and
discussed on television and radio shOws. We need an

WINTER 1992-93

American version of this kind of public participation,
one that can engage all segments of our varied
communitiesparents, employers, community and child
advocatesin active discussion of education goals and
standards. In the New Standards Project, we will be
developing ways to use print and broadcast media to
create opportunities for citizen groups to discuss examples

Without a general consensus
about educational goals
and standards, educators
will be subject to pressures
that will weaken or disable
their efforts.

of students' work on performance exams and curriculum-
embedded assessments. Focus groups we have already run
in several locations around the country show that people
of many different backgrounds and levels of educationare
able to engage productively in such discussions.' Our
task now is to work with states and localities to make
opportunities for such discussions broadly available and
to develop procedures for systematically using their
opinions as part of a formal standard-setting process.

APPROPRIATE GOVERNMENT ROLES

Given this view of the role of standards and
assessments in educational reform, what roles are
appropriate for federal, state, and local agencies? Clearly,
building central national tests intended for administration
to all children in the nation would not be productive.
Internalized standards, not externally imposed ones, are
the only likely means of creating broad changes in
educational effort. Even making administration of a
national test voluntary would not help much. It is
unlikely that individual teachers, schoolsor communities
would be given an opportunity to volunteer, and they
would certainly have little chance to directly influence
assessment content or process. Thus, the effect of a
voluntary, but centrally developed, single national test
would not be very different from an imposed one.
Assessments, like thespecifics of curricula to which they
are tied, need to engage.the energies of those closest to
instruction. Thus, assessments will need to include
substantial local variation.

12 S7
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At the same time, broadly specified national
curriculum ttandards, such as those that now exist for
mathematics, can play a vital role in systemic education
reform. In state after state today, and in many school
districts as well, educator and citizen groups are grappling
with the problem of setting goals and standards for their
education systems. The need for well thought-out
frameworks for specific reform is clear: In the New
Standards Project, for example, development of
mathematics assessments has proceeded more smoothly
than literacy assessments, primarily because the standards
created by the National Council of Teachers of
Mathematics (NCTM) provided a common framework
from the starr..17 At the same time, the NCTM standards
provide plenty of room for localitieswhether states or
individual districtsto craft curricula and assessments
suitable for their own communities. As an example, one
NCTM standard used in grades K-4 for the mastery of

it is states and localitiesnot
the federal government
that will have the primary
responsibility for putting
programs of systemic reform
into place.

geometry is the ability to describe, model, draw, and
classify shapes.'d Few have the resources to engage in the
kind of standards development vork that NCTM has
done at a natiocial level. Thus, an important role for the
federal government involves support of national content
standards development for other parts of the curriculum.
Fortunately, the U.S. Department of Education has begun
to fund development of national content standards, and
we can now look forward to having such standards for
most of the major school subjects.

It is states and localities, not the federal government,
that will in the end have the primary responsibility for
putting programs of systemic teform, including standards
and assessments, into place. Traditionally, education has
largely been a power reserved to thitates." Efforts by
the federal government to directly impose curricula could
be subject to legal challenge. But to say that the power to
impose standards resides exclusively at the state level is to
'ignore the substantial American tradition of much more
local control of et4<ation. Furthermore, stateimposed
assessments woutecttot be automatically more conducive

58
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to internalization of standards by educators and
communities than national ones. To convince ourselves
of this, we need only recall that it is state, not national.
tests that have been used in the mandated assessment
programs in which test scores have been allegedly
manipulated.z° To reap the benefits of internalized
standards, states will need to leave much discretion in the
matter of assessment to local education authorities and
even individual schools. A portfolio system, in which
some assessment tasks are common to large numbers of
students and others are locally selected by schools and
individual teachers, can provide the necessary balance
between local initiative and statewide standards.

Localities want curricula, and thus assessments,
crafted to their own needs. At the same time, they want
to know that they are competitive beyond the confines of
their local communities; few want to educate their children
in ways that would not permit them to prosper beyond
local borders. To achieve these objectives, methods must
be found to link the varied assessments that will be
developed by localities to shared state and national
standards. Simple statistical formulas for converting
scores on one test into equivalent scores on another are
unlikely to work; to legitimately apply such formulas, the
assessments would need to be so alike that it is questionable
that local options would be practicable.:' A number of
proposals for alternative ways of linking assessments are
under discussion. These include administering a national
"reference exam" to a sample of students in a state or
district, including common national "anchor tasks" in a
state or district's assessments, and arranging for "cross-
grading" of one jurisdiction's exams by another's trained
scorers.12 None of these, however, is appropriate if
different assessments are not first established as
"reasonable" tests of the same content and objectives for
learning. This can only be determined through an
organized process of social and professional judgment.
For this reason, a standards certification board of some
kind will almost certainly be needed as part of a national
assessment system.23

CONCLUSION

The program outlined here is both ambitious and
optimistic. It assumes that in the future American
students will need to learn skills in new ways and at much
higher standards than evet before. This approach suggests,
in tu"rn, that teachers will need to teach in new ways and
with different expectations for their students than many
have held in the past. Performance standards, represented
in assessments, are a powerful means to begin the process

13 STANFORD LAW & POLICY REVIEW



STANDARDS, ASSESSMENT. AND EDUCATIONAL QUALITY
'' - , ....mw

of systemic educational change. Such standards provide
tangible goals that students can strive to achieve, allowing
teachers to measure student performance against an
objective criterion of excellence. Assessments can be
tailored to local school environments yet linked with
broader state and national standards. Extensive
participation by teachers in designing and implementing
new assessments can serve as part of a professional
development program that will transform the new
standards into internalized, personal goals of teachers
and students throughout the country. Standards and..
assessments used in this way promise to prepare America
to compete with brain rather than brawn in the next
century.
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Reprinted with permission from PHI DELTA KAPPAN,

A True Test:
Toward More Authentic and
Equitable Assessment

May 1989.

WHEN AN educational
problem persists de-
spite the well-inten-
tioned efforts of many
people to solve it, it's

a safe bet that the problem hasn't been
properly framed. Assessment in educa-
tion has clearly become such a problem,
since every state reports above-average
scores on norm-referenced achievement
tests and since everyone agrees (paradox-
ically) that such tests shouldn't drive in-
struction but that their number and in-
fluence should nevertheless increase.'
More ominously, we seem unable to see
any moral harm in bypassing context-
sensitive human judgments of human
abilities in the name of statistical accura-
cy and economy:

We haven't moved beyond lamenting
these problems, because we have failed
to stop and ask some essential questions:
Just what are tests meant to do? Whose
purposes do they (and should they) serve?
Are large-scale testing programs neces-
sary? When are tests that are designed
to monitor accountability harmful to the
educational process? Need they be so in-
trusive? Is there an approach to uphold-
ing and examining a school's standards
that might actually aid learning?

But we won't get far in answering these
questions until we ask the most basic one:
What it a true test? I propose a radical
answer, in the sense of a return to the
roots; we have lost sight of the fact that
a true test of intellectual ability requires
the performance of exemplary tasks. First,
authentic assessments replicate the chal-
lenges and standards of performance that
typically face writers, businesspeople, sci-

GRANT RIGGAlS is a senior associcue with
the National Cetuer on Education and the
Economy, Rochester, N.Y., and a special con-
sultant on assessment for the Coalition of Es-
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enlists, community leaden, designers, or
historians. These include writing essays
and reports, conducting individual and
group research, designing proposals and
mock-ups, assembling portfolios, and so
on. Second, legitimate assessments are
responsive to individual students and to
school contexts. Evaluation is most ac-
curate and equitable when it entails hu-
man judgment and dialogue, so that the
person tested can ask for clarification of
questions and explain his or be: answers.

A genuine test of intellectual achieve-
ment doesn't merely check 'standardized"
work in a mechanical way. It reveals
achievement on the essentials, even if they
are not easily quantified. In other words,
an authentic test not only reveals student
achievement to the examiner, but also re-
veals to the test-taker the actual chal-
lenges and standards of the field.

. To use a medical metaphor, our con-
fusion over the uses of standardized tests
is akin to mistaking pulse rate for the to-
tal effect of a healthful regimen. Stan-
dardized tests have no more effect on a
student's intellectual health than taking a
pulse has on a patient's physical health.
If we want standardized tests to be au-
thentic, to help students learn about them-
selves and about the subject maner or field
being tested, they must become more than
merely indicators of one superficial symp-
tom.

Reform begins, then, by recognizing
that the test is central to instruction. Any
tests and final exams inevitably cast their
shadows on all prior work. Thus they not
only monitor standards, but also set them.
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Students acknowledge this truth with their
plaintive query, Is this going to be on the
test? And their instincts are correct; we
should not feel despair about such a view.
The test always sets thy. de facto standards
of a school despite whatever else is
proclaimed. A school should "teach to the
test." The catch is that the test must of-
fer students a genuine intellectual chal-
lenge, and teachers must be involved in
designing the test if it is to be an effec-
tive point of leverage.

SETTING STANDARDS

We need to recognize from the out-
set that the problems we face are more
ecological (i.e., political, structural, and
economic) than technical. For example,
Norman Frederiksen, a senior research-
er with the Educational Testing Service
(ETS), notes that "situational tests are not
widely used in testing programs because
of considerations having to do with cost
and efficiency ."2 In order to overcome
the resistance to using such situational
tests, we must make a powerful case to
the public (and to teachers habituated to
short-answer tests as an adequate meas-
ure of ability) that a standardized test
of intellectual ability is a contradiction
in terms. We must show that influential
"monitoring" tests are so irrelevant (and
even harmful) to genuine intellectual stan-
dards that their cost to student learn-
ing and teacher professionalism is too
high. however financially efficient they
may be as a means of gathering data.

The inescapable dilemma presented by
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using authentic
standards and
tasks to judge

intellectual
ability is labor-
intensive and

time-consuming.

mass testing is that using authentic stan-
dards and tasks to judge intellectual abil-
ity is labor-intensive and time-consum-
ing. Examiners must be trained, and mul-
tiple, contextual tests of the students must
be conducted. Genuine tests also make it
MOM difficult to compare, rank, and sort
because they rarely involve one simple,
definitive test with an unambiguous re-
sult and a single residue number. There-
fore, as long as tests are thought of only.a,
in terms of accountability, real refo
will be thwarted. After all, why do we
need to devise more expensive tests if
current data are reliable? When we fac-
tor in the self-interest of test companies
and of colleges and school districts, we
can see that resistance to reform is like-
ly to be strong.

The psychometricians and the account-
ants are not the villains, however. As I
have noted elsewhere, teachers fail to un-
derstand their own unwitting role in the
growth of standardized testing.3 Mass
assessment resulted from legitimate con-
cern about the failure of the schools to
set clear, justifiable, and consistent stan-
dards to which it would hold its gradu-
ates and teachers accountable. But the
problem is still with us: high school tran-
scripts tell us nothing about what a stu-
dent can actually do. Grades and Car-
negie units hide vast differences between
courses and schools. An A in 11th -grade
English may mean merely that a student
was dutiful and able to fill in blanks on
worksheets about juvenile novels. And it
remains possible for a student to pass all
of his or her courses and still remain
functionally and culturally illiterate.

But the solution of imposing an effi-
cient and *standard' test has an uglier his-
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wry. The tests grew out of the 'school -
efficiency" movement in the years be-
tween 1911 and 1916, a time oddly simi-
lar to our own. The movement. spear-
headed by the work of Franklin Bobbin,
was driven by crude and harmful analo-
gies drawn from Frederick Taylor's man-
agement principles, which were used to
improve factory production. Raymond
Callahan notes that the reformers, then
as now, were fir too anxious to satisfy
external critics and to reduce complex in-
tellectual standards and zither behaviors
to simple numbers and traits! Implicit-
ly, there were signs of hereditarian and
social-class-based views of intelligence;
the tests were used as sorting mechanisms
at least partly in response to the increased
heterogeneity of the school population as
a result of the influx of immigrants.5

The "standards" were usually cast in
terms of the increased amount of work
to be demanded of teachers and students.
As George Strayer, head of the National
Education Association (NEA) Commit-
tee on Tests and Standards for School Ef-
ficiency, reported. "We may not hope to
achieve progress except as such measur-
ing sticks are available." A school su-
perintendent put it more bluntly: The
results of a few well-planned tests would
carry more weight with the businessman
and parent than all the psychology in the
world."'

Even with unionization and the insights
gained from better education, modern
teachers still fall prey to the insistent
claims of noneducation interests. The
wishes of college admissions officers, of
employers, of budget makers. of sched-
ulers, and even of the secretaries who
enter grades on computers often take
precedence over the needs of students to
be properly examined and the needs of
teachers to deliberate and confer about
effective test design and grading.

Thus, when teachers regard tests as
something to be done as quickly as pos-
Sible after leaching" has ended in order
to shake out a final grade, they succumb
to the same flawed logic employed by the
test companies (with far less statistical
justification). Such acquiescence is pos-
sible only when the essential ideas and
priorities in education are unclear or have
been lost. If tests serve only as adminis-
trative monitors, then short-answer, "ob-
jective" tests an ironic misnomer?
will suffice (particularly if one teaches
128 students and has only a single day
in which to grade final exams). However,
if a test is seen as the heart and soul of

the educational enterprise, such reduc-
tionist shortcuts. such high student/teach-
er ratios, and such dysfunctional alloca-
tion of time and resources will be seen
as intolerable.

Schools and teachers do not tolerate the
same kind of thinking in athletics, the
arts, and clubs. The requirements of the
game, recital, play, debate, or science
fair are clear, and those requirements de-
termine the use of time, the assignment
of personnel, and the allocation of mon-
ey. Far more time often one's spare
time is devoted to insuring adequate
practice and success. Even in the poorest
schools, the ratio of players to inter-
scholastic coaches is about 12 to 1.' The
test demands such dedication of time;
coaching requires one-to-one interaction.
And no one complains about teaching to
the test in athletic competition.

We need to begin anew, from the
premise that a testing program must ad-
dress questions about the inevitable im-
pact of tests (and scoring methods) on
students and their learning. We must ask
different questions. What kinds of chal-
lenges would be of most educational val-
ue to students? What kinds of challenges
would give teachers useful information
about the abilities of their students? How
will the results of a test help students
know their strengths and weaknesses on
essential tasks? How can a school ade-
quately communicate its standards to in-
terested outsiders and justify them, so
that standardized tests become less neces-
sary and less influential?

AUTHENTIC TESTS

Tests should be central experiences in
learning. The problems of administra-
tion, scoring, and between-school com-
parisons should come only after an au-
thentic test had been devised a rever-
sal of the current practice of test design.

If we wish to design an authentic test,
we must first decide what are the actual
performances that we want students to be
good at. We must design those perform-
ances first and worry about a fair and
thorough method of grading them later.
Do we judge our students to be deficient
in writing, speaking, listening, artistic
creation, finding and citing evidence, and
problem solving? Then let the tests ask
them to write, speak, listen, create. do
original research, and solve problems.
Only then need we worry about scoring
the performances,. tit using the judges,
and adapting the. school calendar to in-

17,

To design an
authentic test, we
must first decide

what are the actual
performances that
we want students

to be good at.

sure thorough analysis and useful feed-
back to students about results.

This reversal in thinking will make us
pay more attention to what we mean by
evidence of knowing. Mastery is more
than producing verbal answers on cue;
it involves thoughtful understanding,
as well. And thoughtful understanding
implies being able to do something ef-
fective, transformative, or novel with a
problem or complex situation. An au-
thentic test enables us to watch a learner
pose, tackle, and solve slightly ambigu-
ous problems. It allows us to watch a
student marshal evidence, arrange argu-
ments, and take purposeful action to ad-
dress the problems" Understanding is
often best seen in the ability to criticize
or extend knowledge, to explain and ex-
plore the limits and assumptions on which
a theory rests. Knowledge is thus dis-
played as thoughtful know-how a
blend of good judgment, sound habits,
responsiveness to the problem at hand,
and control over the appropriate informa-
tion and context. Indeed, genuine mas-
tery usually involves even more: doing
something with grace and style.

To prove that an answer was not an ac-
cident or a thoughtless (if correct) re-
sponse, multiple and varied tests are re-
quired. In performance-based areas we
do not assess competence on the basis of
one performance. We repeatedly assess
a student's work through a portfolio
or a season of games. Over time and in
the context of numerous performances,
we observe the panerns of success and
failure and the reasons behind them.
Traditional tests as arbitrarily timed,
superficial exercises (more like drills on
the practice field than like a game) that
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are given only once or twice leave us
with no way of gauging a student's abili-
ty to make progress over time.

We typically learn too much about a
student's shoe -term recall and too little
about what is most important: a student's
habits of mind. In talking about habits of
mind, I mean something more substan-
tive than "process" skills divorced from
context the formalism decried by E.
D. Hirsch and others. For example, a
new concept say, irony or the formu-
la F ma can be learned as a habit
or disposition of mind for effortlessly
handling information that had previous-
ly been confusing. le As the word habit
implies, if we are serious about having
students display thoughtful control over
ideas, a single performance is inadequate.
We need to observe students' repertoires,
not rote catechisms coughed up in re-
sponse to pat questions.

The problem is more serious than it
first appears. The difficulty of learning
lies in the breaking of natural but dys-
functional habits. The often-strange qual-
ity of new knowledge can cause us to un-
wittingly misunderstand new ideas by as-
similating them into our old conceptions;
this is particularly true when instruction
is only verbal. That is why so many stu-
dents who do well on school tests seem
so thoughtless and incompetent in solv-
ing real-world problems. For example,
the research done at Johns Hopkins Uni-
versity demonstrates how precarious and
illusory "knowledge" of physics really is,
when even well-trained students habitu-
ally invoke erroneous but plausible ideas
about force on certain problems.*

The true test is so central to instruc-
tion that it is known from the start and
repeatedly taken because it is both cen-
tral and complex equivalent to the
game to be played or the musical piece
to be performed. The true test of abili-
ty is to perform consistently well tasks
whose criteria for success are known
and valued. By contrast, questions on
standardized tests are usually kept "se-
cure hidden from students and teachers,
and they thus contradict the most basic
conditions required for learning.* (Of
course; statistical validity and reliability
depend on the test being secret, and,
when a test is kept secret, the questions
can be used again.)

Designing authentic tests should in-
volve knowledge use that is forward-
looking. We need to view tests as 'assess-
menu of enablement," to borrow Robert
Glaser's term. Rather than merely judg-
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ing whether students have learned what
was taught, we should "assess knowledge
in terms of its constructive use for fur-
ther learning. . . . [We should assess
reading ability] in a way that takes into
account that the purpose of learning to
read is to enable [students] to learn from
reading."" All tests should involve stu-
dents in the actual challenges, standards,
and habits needed for success in the aca-
demic disciplines or in the workplace:
conducting original research, analyzing
the research of others in the service of
one's research, arguing critically, and
synthesizing divergent viewpoints. With-
in reasonable and reachable limits, a real
test replicates the authentic intellectual
challenges facing a person in the field.
(Such tests are usually also the most en-
gaging.)

The practical problems of test design
can best be overcome by thinking of aca-
demic tests as the intellectual equivalent
of public 'performances." To enable a
student is to help him or her make prog-
ress in handling complex tasks. The nov-
ice athlete and the novice actor face the
same challenges as the seasoned profes-
sional. But school tests make the complex
simple by dividing it into isolated and
simplistic chores as if the student need
not practice the true test of performance,
the test of putting all the elements togeth-
er. This apparently logical approach of
breaking tasks down into their compo-
nents leads to tests that assess only ar-
tificially isolated "outcomes" and provide
no hope of stimulating genuine intellec-
tual progress. As a result, teaching to
such tests becomes mechanical, static,
and disengaging. Coaches of musicians,
actors, debaters, and athletes know bet-

Is

ter. They know that what one learns in
drill is never adequate to produce mu-
tely.

That is why most so-called `criterion-
referenced" tests are inadequate: the
problems are contrived, and the cues are
artificial. Such tests remove what is cen-
tral to intellectual competence: the use of
judgment to recognize and pose complex
problems as a prelude to using one's dis-
crete knowledge to solve them. Authen-
tic challenges be they essays, original
research, or artistic performances are
inherently ambiguous and open-ended.
As Frederiksen has said:

Most of the important problems one
faces are ill - structured. as are all the
really important social, political, and
scientific problems. . . . But ill-struc-
tured problems are not found in stan-
dardized achievement tau. . . . Effi-
cient tests tend to drive out less effi-
cient tests, leaving many important
abilities untested and untaught. . . . All
this reveals a problem when we con-
sider the influence of an accountabili-
ty system in education. . . . We need
a much broader conception of what a
test is."

Put simply, what the student needs is
a test with more sophisticated criteria for
judging performance. In a truly authen-
tic and criterion-referenced education. far
more time would be spent teaching and
testing the student's ability to understand
and internalize the criteria of genuine
competence. What is so harmful about
current teaching and testing is that they
frequently reinforce unwittingly the
lesson that mere right answers, put forth
by going through the motions, are ade-
quate signs of ability. Again, this is a
mistake rarely made by coaches, who
know that their hardest and most impor-
tant job is to raise the standards and ex-
pectations of their students.

EXAMPLES OF AUTHENTIC TESTS

Let us examine some tests and criteria
devised by teachers working to honor the
ideas I've been discussing under the head-
ing of "exhibition of mastery" one of
the nine "Common Principles" around
which members of the Coalition of Es-
sential Schools have organized their re-
form efforts.* Here are two examples
of final exams that seem to replicate more 4)
accurately the challenges facing experts
in the field.

An oral history projem for ninth-grad-



err. 14 You must complete an oral history
based on interviews and written sources
and present your findings orally in class.
The choice of subject matter will be up
to you. Some examples of possible topics
include: your family, running a small
business, substance abuse, a labor union,
teenage parents, or recent immigrants.
You are to create three workable hypoth-
eses based on your preliminary investi-
gations and come up with four questions
you will ask to test each hypothesis.

To meet the criteria for evaluating the
oral history project described above, you
must:

investigate three hypotheses;
describe at least one change over

time;demonsnate that you have done back-
ground research;

interview four appropriate people as
sources;

prepare at least four questions relat-
ed to each hypothesis;

ask questions that are not leading or
biased;

ask follow-up questions when ap-
propriate;

note important differences between
fact and opinion in answers that you re-
ceive;

use evidence to support your choice
of the best hypothesis; and

organize your writing and your class
presentation.

A course-ending simulation/exam in
economics. "T You are the chief execu-
tive officer of an established firm. Your
firm has always captured a major share
of the market, because of rod use of
technology, understanding of the natural
laws of constraint, understanding of mar-
im systems, and the maintenance of a
high standard for your product. How-
ever, in recent months your product has
become part of a new trend in public
tastes. Several new firms have entered
the market and have captured part of your
sales. Your product's proportional share
of total aggregate demand is continuing
to fall. When demand returns to normal,
you will be controlling less of the mar-
ket than before.

Your board of directors has given you
less than a month to prepare a report that
solves the problem in the short run and
in the long run. In preparing the report,
you should: 1) define the problem, 2)
prepare data to illustrate the current sit-
uation, 3) prepare data to illustrate con-
ditions one year in the future. 4) recom-
mend action for today, 5) recommend ac-

tion over the next year, and 6) discuss
where your company will be in the mar-
ket six months from today and one year
from today.

The tasks that must be completed in the
course of this project include:

deriving formulas for supply, de-
mand. elasticity, and equilibrium;

preparing schedules for supply, de-
mand, costs, and revenues;

graphing all work;
preparing a written evaluation of the

current and future situation for the mar-
ket in general and for your company if.1
particular;

preparing a written recommendation
for your board of directors;

showing aggregate demand today
and predicting what it will be one year
hence; and

showing the demand for your firm's
product today and predicting what it will
be one year hence.

Connecticut has implemented a range
of performance-based assessments in sci-
ence, foreign languages, drafting, and
small-engine repair, using experts in the
field to help develop apt performance
criteria and test protocols. Here is an
excerpt from the Connecticut manual
describing the performance criteria for
foreign languages; these criteria have
been derived from the guidelines of the
American Council on the Teaching of
Foreign Languages (ACTFL).'$ On the
written test, students are asked to draft
a letter to a pen pal. The four levels used
for scoring are novice, intermediate, in-
termediate high, and advanced; they are
differentiated as follows:
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Novice. Students use high-frequen-
cy words, memorized phrases, and for-
mulaic sentences on familiar topics. Stu-
dents show little or no creativity with the
language beyond the memorized psuerns.

Intermediate. Students recombine the
learned vocabulary and structures into
simple sentences. Sentences are choppy,
with frequent errors in grammar, vocabu-
lary, and spelling. Sentences will be very
simple at the low end of the intermedi-
ate range and will often read very much
like a direct translation of English.

Intennedicue high. Snide= can write
creative sentences. sometimes fairly com-
plex ones, but nee. consistently. Structural
forms reflecting time, tense, or aspect are
attempted, but the result is not always
successful. Student show an emerging
ability to describe an.. narrate in para-
graphs, but papers often read like aca-
demic exercises.

Advanced. Students are able to join
sentences in simple discourse and have
sufficient writing vocabulary to express
themselves simply, although the language
may not be idiomatic. Students show
good control of the most frequently used
syntactic structures and a sense that they
are comfortable with the target language
and can go beyond the academic task.

Of course, using such an approach is
time-consuming, but it is not impractical
or inapplicable to all subject areas on
a large scale. The MAP (Monitoring
Achievement in Pittsburgh) testing pro-
gram offers tests of critical thinking and
writing that rely on essay questions and
are specifically designed to provide di-
agnostic information to teachers and
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students. Pittsburgh is also working.
through its Syllabus-Driven Exam Pro-
gram, to devise exemplary test items that
are based more closely on the curricu-
lum. to

On the state level, Vermont has recent-
ly announced that it will move toward a
portfolio-based assessment in writing and
mathematics, drawing on the work of the
Various affiliates of the National Writing
Project and of the. Assessment of Per-
formance Unit (APU) in Great Britain.
California has piloted performance -based
tests in science and other subjects to go
with its statewide essay-writing test.

RESPONSIVENESS AND EQUITY

Daniel Resnick and Lauren Resnick
have proposed a different way of mak-
ing many of these points. They have
argued that American students are the
"most tested" but the least examined"
youngsters in the world?) As their epi-
gram suggests, we rarely honor the origi-
nal meaning of the word test. Originally
a testum was a porous cup for determin-
ing the purity of metal; later it came to
stand for any procedures for determin-
ing the worth of a person's effort. To
prove the value or ascertain the nature of
a student's understanding implies that ap-
pearances can deceive. A correct answer
can disguise thoughtless recall. A student
might quickly correct an error or a slip
that obscures thoughtful understand-
ing; indeed, when a student's reasoning
is heard, an error might not actually be
an error at all.

The root of the word assessment re-
minds us that an assessor should 'sit with
a learner in some sense to be sure that
the student's answer really means what
it seems to mean. Does a correct answer
mask thoughtless recall? Does a wrong
answer obscure thoughtful understand-
ing? We can know for sure by asking fur-
ther questions, by seeking explanation or
substantiation, by requesting a self-as-
sessment, or by soliciting the student's re-
sponse to the assessment.

The problem can be cast in broader
moral terms: the standardized test is dis-
respectful by design. Mass testing as we
know it treats students as objects as
if their education and thought processes
were similar and as if the reasons for
their answers were irrelevant. Test-takers
are not, therefore, treated as human sub-
jects whose feedback is essential to the
accuracy of the assessment. Pilot stan-
dardized tests catch many technical de-
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TABLE 1.
An Item from the NAEP Science Test

Child's Name Frisbee Toss Ws tont Uft 50-Yard Dash
(yds.) (1b44 (saes.)

Joe 40 205 9.5
"Me 30 170 8.0
Kim 4$ 130 9.0
Saran 28 120 76
Zani 38 140 8.3

fects in test questions. However, respons-
es to higher-order questions are inherent-
ly unpredictable. .

The standardized test is thus inherent-
ly inequitable. I am using the word eq-
uity in its original, philosophical mean-
ing, as it is incorporated into the British
and American legal systems. The concept
is commonsensical but profound: blank
laws and policies (or standardized tests)
are inherently unable to encompass the
inevitable idiosyncratic cases for which
we ought always to make exceptions to
the rule. Aristode put it best Me equita-
ble is a correction of the law where it is
defective owing to its universality."21

In the context of testing, equity re-
quires us to insure that human judgment
is not overrun. or made obsolete by an ef-
ficient. mechanical scoring system. Ex-
ternally designed and externally mandat-
ed tests are dangerously immune to the
possibility that a student might legiti-
mately need to have a question rephrased
or might deserve the opportunity to de-
fend an unexpected or "incorrect" an-
swer, even when the test questions are
well-structured and the answers are mul-
tiple choice. How many times do teach-
ers, parents,.or employers have to alter
an evaluation after having an answer or
action explained? Sometimes, students
need only a hint or a slight rephrasing to
recall and use what they know. We rely
on human judges in law and in athletics
because complex judgments cannot be
reduced to rules if they are to be truly
equitable. To gauge understanding, we
must explore a student's answer; there
must be some possibility of dialogue be-
tween the assessor and the assessed to in-
sure that the student is fully examined.

This concern for equity and dialogue
is not idle, romantic, or esoteric. Con-
sider the following example from the Na-
tional Assessment of Educational Prog-
ress (NAEP) science test, Learning by
Doing, which was piloted a few years
ago.= On one of the tasks. students were
given three sets of statistics that sup-

20

posedly derived from a mini-Olympics
that some children had staged (see Table
1). The introductory text noted that the
children 'decided to make each event of
the same importance." No other informa-
tion that bears on the question was pro-
vided. The test presented the students
with the results of three events from the
competition.

The first question asked, Who would
be the all-around winner? The scoring
manual gives these instructions:

Score 4 points for accurate ranking
of the children's performance on each
event and citing Zabi as the overall
winner. Score 3 points for using a rank-
ing approach . . . but misinterpreting
performance on the dash event . . . and
therefore, citing the wrong winner.
Score 2 points for a response which
cites an overall winner or a tie with
an explanation that demonstrates some
recognition that a quantitative means
of comparison is needed. Score I point
if the student makes a selection of an
overall winner with an irrelevant or
non-quantitative account or without
providing an explanaion. Score 0 for
DO response.

Makes sense, right? But now ask your-
self how, using the given criteria, you
would score the following response giv-
en by a third-grader:

A. Who would be the all-around
winner?

No one.
B. Explain how you decided who

would be the all-around winner. Be
sure to show your work.

No one is the all-around winner.

The NAEP scorer gave the answer a
score of 1. Given the criteria, we can see
why. The student failed to give an ex-
planation or any numerical calculations
to support the answer.

But could that answer somehow be
apt in the mind of the student? Could
it be that the 9-year-old deliberately



and correctly answered no one: since
"all-around" could mean 'winner of all
events"? If looked at in this way, couldn't
it be that the child was more thoughtful
than most by deliberately not taking the
bait of part B (which presumably would
have caused the child to pause and con-
sider his or her answer). The full sen-
tence answer in part B remember, this
is a 9-year-old is revealing to me. It
is more emphatic than the answer to part
A. as if to say, "Your question suggests
I should have found one all-around win-
ner, but I won't be fooled. I stick to my
answer that no one was the all-around
winner." (Note, by the way, that in the
scorer's manual the word ail- around has
been changed to overall.)The student did
not, of course, explain the answer, but
it is conceivable that the instruction was
confusing, given that there was no "work"
needed to determine that 'no one" was the
all-around winner. One quick follow-up
question could have settled the matter.

A moral question with intellectual ram-
ifications is at issue here: Who is re-
sponsible for insuring that an answer has
been fully explored or understood, the
tester or the student? One reason to safe-
guard the teacher's role as primary asses-
sor is that the most accurate and equita-
ble evaluation depends on relationships
that have developed over time between
examiner and student. The teacher is the
only one who knows what the student can
or cannot do consistently, and the teach-
er can always follow up on confusing,
glib. or ambiguous answers.

In this country we have been so en-
amored of efficient testing that we have

overlooked feasible in-class alternatives
to such impersonal testing, which are
already in use around the world. The
German abitur (containing essay and
oral questions) is designed and scored by
classroom teachers, who submit two pos-
sible tests to a state board for approval.
The APU in Great Britain has for more
than a decade developed tests that are
designed for classroom use and that in-
volve interaction between assessor and
student.

What is so striking about many of the
APU test protocols is that the assessor is
meant to probe,prompt, and even teach,
if necessary, to be sure of the student's
actual ability and to enable the learner to
learn from the assessment. In many of
these tests the first answer (or lack of
one) is not deemed a sufficient insight
into the student's knowledge.n Consid-
er, for example, the following sections
from the assessor's manual for a mathe-
matics test for British 15-year-olds cover-
ing the ideas of perimeter, area, and cir-
cumference.

1. Ask: "What is the perimeter of a
rectangle? [Write student answer.)

2. Present sheet with rectangle
ABCD. Ask: "Could you show me the
perimeter of this rectangle? If neces-
sary, teach.

3. Ask: "How would you measure
the perimeter of the rectangle? If nec-
essary. prompt for full procedure. If
necessary, teach. .

10. "Estimate the length of the cir-
cumference of this circle."

11. Ask: "What would you do to
check your estimate? [String is on

Who is re.
sponsible for

insuring that an
answer has been
fully explored or
understood, the

tester or the student?

the table.) If no response, prompt for
string.

13. Ask: "Is there any other meth-
od? If student does not suggest using
C ltd. prompt with, 'Would it help
to measure the diameter of the circle?

The scoring system works as follows:
1) unaided success; 2) success following
one prompt from the tester; 3) success
following a series of prompts; 4) teach-
ing by the tester, prompts unsuccessful;
5) an unsuccessful response, and tester
did not prompt or teach; 6) an unsuc-
cessful response despite prompting and
teaching; 7) question not given; and 8)
unaided success where student correct-
ed an unsuccessful attempt without help.
The "successful" responses were com-
bined into two larger categories called
"unaided success" and "aided success,"
with percentages given for each.n

The Australians for years have used
similar tasks and similarly trained teach-
ers to conduct district- and statewide
assessments in academic subject areas
(much as we do in this country with the
Advanced Placement exams). Teachers
give tests made up of questions drawn
from banks of agreed-upon items and
then mark them. Reliability is achieved
through a process called "moderation," in
which teachers of the same subjects gath-
er to compare results and to set criteria
for grading.

To insure that professionalization is
aided, not undermined, by national test-
ing, the process of "group moderation"
has been made a central feature of the
proposed new national assessment system
in Great Britain. The tests will be both
teacher -given and standardized. But what
is so admirable and equitable is that
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We must over-
come the lazy habit

of grading and
scoring "on the

curve" as a cheap
way of setting and

upholding standards.

the process of group moderation requires
collective judgments about any discrep-
ancies between grade patterns in differ-
ent schools and between results in a giv-
en school and on the nationally stan-
dardized criterion-referenced test. Sig-
nificantly, the process of moderation can,
on occasion, override the results of the
nationally standardized test:

A first task of a moderation group
would be to examine how well the pat-
terns of the two matched for each group
of pupils [comparing percentages of
students assigned to each level]. . . .

The meeting could then go on to ex-
plore discrepancies in the pattern of
particular schools or groups, using
samples of pupils' work and knowledge
of the circumstances of schools. The
group moderation would first explore
any general lack of matching between
the overall teacher rating distribution
and the overall distribution of results
on the national tests. The general aim
would be to adjust the overall teacher
rating results to match the overall re-
sults of the national tests; if the group
were to have clear and agreed reasons
for not doing this. these should be
reported . . . (and) departures could be
approved if the group as a whole could
be convinced that they were jusnfied in
particular cases.23 (Emphasis added)

At the school-site level in the U.S., we
might consider the need for an oversight
process akin to group moderation to in-
sure that students are not subject to ec-
centric testing and grading a commit-
tee on testing standards, for example. In
short, what group moderation can pro-
vide is the kind of on-going professional
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development that teachers need and de-
sire. Both equity in testing and reform of
schooling ultimately depend on a more
open and consensual process of establish-
ing and upholding schoolwide standards.

A number of reasons are often cited
for retaining 'objective" tests (the design
of which is usually quite "subjective"),
among them: the unreliability of teacher-
created tests and the subjectivity of hu-
man judgment. However, reliability is
only a problem when judges operate in
private and without shared criteria. In
fact, multiple judges, when properly
trained to assess actual student perform-
ance using agreed-upon criteria, display
a high degree of inter-rater reliability. In
the Connecticut foreign language test de-
scribed above, on the thousands of stu-
dent tests given, two judges using a four-
point scoring system agreed on a student's
score 85 % of the time.3' Criticisms of
Advanced Placement exams that contain
essay questions usually focus on the cost
of scoring, not on problems of inter-rater
reliability. Inadequate testing technolo-
gy is a red herring. The real problem
standing in the way of developing more
authentic assessment with collaborative
standard-setting is the lack of will to in-
vest the necessary time and money.

True criterion-referenced tests and di-
ploma requirements. though difficult to
frame in performance standards, are es-
sential for establishing an effective and
just education system. We must over-
come the lazy habit of grading and scor-
ing on the curve" as a cheap way of set-
ting and upholding standards. Such a
practice is unrelated to any agreed-upon

intellectual standards and can reveal only
where students stand in relation to one
another. It tells us nothing about where
they ought to be. Moreover, students are
left with only a letter or number with
nothing to learn from.

Consider, too, that the bell-shaped
curve is an intended result in designing
a means of scoring a test, not some co-
incidental statistical result of a mass test-
ing. Norm-referenced tests, be they lo-
cally or nationally nonmed, operate un-
der the assumption that teachers have no
effect or only a random effect on
students.

44

There is nothing sacred about the
normal curve. It is the distn/agion most
appropriate to chance and random ac-
tivity. Education is a purposeful activi-
ty, and we seek to have the students
learn what we have to teach. . . . [Me
may even insist that our efforts are un-
successful to the extent that the distri-
bution of achievement approximates
the normal distribution.v

In addition, such scoring insures that,
by design, at least half of the student
population is always made to feel inept
and discouraged about their work, while
the other half often has a feeling of
achievement that is illusory.

Grading on a curve in the classroom
is even less justifiable. There is no sta-
tistical validity to the practice, and it
allows teachers to continually bypass the
harder but more fruitful work of setting
and teaching performance criteria from
which better learning would follow.

To let students show off what they



know and are able to do is a very differ-
ent business from the fatalism induced by
counting errors on contrived questions.
Since standardized tests are designed to
highlight differences. they often end up
exaggerating them (e.g., by throwing out
pilot questions that everyone answers cor-
rectly in order to gain a useful "spread"
of scores)." And since the tasks are de-
signed around hidden and often arbitrary
questions, we should not be surprised if
the test results end up too dependent on
the native language ability or cultural
background of the students, instead of on
the fruit of their best efforts.

Tracking is the inevitable result of
grading on a curve and thinking of stan-
dards only in terms of drawing exag-
gerated comparisons between students.
Schools end up institutionalizing these
differences, and, as the very word track
implies, the standards for different tracks
never converge. Students in the lower
tracks are not taught and assessed in such
a way that they become better enabled to
close the gap between their current com-
petence and ideal standards of perform-
ance." Tracking simply enables students
in the lower tracks to get higher grades.

In the performance areas. by contrast,
high standards and the incentives for
students are clear." Musicians and ath-
letes have expert performers constantly
before them from which to learn. We set
up different weight classes for wrestling
competition, different rating classes for
chess tournaments, and separate varsity
and junior varsity athletic teams to nur-
ture students' confidence as they slowly
grow and develop their skills. We assume
that progress toward higher levels is not
only possible but is aided by such group-
ings.

The tangible sense of efficacy (aided
by the desire to do well publicly and the
power of positive peer pressure) that
these extracurricular activities provide is
a powerful incentive. Notice how often
some students will try to sneak back into
school after cutting class to submit them-
selves to the rigors of athletics, debate,
or band practice even when they are
not the stars or when their team has an
abysmal record.3I

CRITERIA OF AUTHENTICITY

From the arguments and examples
above. let me move to a consideration of
a set of criteria by which we might dis-
tinguish authentic from inauthentic forms
of testing .

Structure and logistics. Authentic tests
are more appropriately public, involving
an actual audience, client, panel, and so
on. The evaluation is typically based on
judgment that involves multiple criteria
(and sometimes multiple judges), and the
judging is made reliable by agreed-upon
standards and prior training.

Authentic tests do not rely on unrealis-
tic and arbitrary time constraints, nor do
they rely on secret questions or tasks.
They tend to be like portfolios or a full
season's schedule of games, and they em-
phasize student progress toward mastery.

Authentic tests require some collab-
oration with others. Most professional
challenges faced by adults involve the ca-
pacity to balance individual and group
achievement. Authentic tests recur, and
they are worth practicing, rehearsing,
and retaking. We become better educat-
ed by taking the test over and over. Feed-
back to students is central, and so authen-
tic tests are more intimately connected
with the aims, structures, schedules, and
policies of schooling.

Intellectual design features. Authentic
tests are not needlessly intrusive, arbi-
trary, or contrived merely for the sake
of shaking out a single score or grade.
Instead, they are "enabling" construct-
ed to point t : student toward more
sophisticated and effective ways to use
knowledge. The characteristics of corn
petent performance by which we might
sort nonenabling from enabling tests
might include: "The coherence of [the
student's] knowledge, principled [as op-
posed to merely algorithmic] problem
solving, usable knowledge, attention-free
and efficient performance, and self-reg-
ulatory skills.""

Authentic tests are contexmalized, com-
plex intellectual challenges, not frag-
mented and static bits or tasks. They cul-
minate in the student's own research or
product, for which "content" is to be
mastered as a means, not as an end.
Authentic tests assess student habits and
repertoires; they are not simply restrict-
ed to recall and do not reflect lucky or
unlucky one-shot responses. The port-
folio is the appropriate model: the general
task is to assess longitudinal control over
the essentials."

Authentic tests are representative chal-
lenges within a given discipline. They are
designed to emphasize realistic (but fair)
complexity; they stress depth more than
breadth. In doing so, they must neces-
sarily involve somewhat ambiguous, ill-
structured tasks or problems, and so they

make student judgment central in posing,
clarifying, and tackling problems.

Standards of grading and scoring.
Authentic tests measure essentials. not
easily counted (but relatively unimpor-
tant) errors. Thus the criteria for scor-
ing them must be equally complex, as in
the cases of the primary-trait scoring of
essays or the scoring of ACITL tests of
foreign languages. Nor can authentic tests
be scored on a curve. They must be
scored with reference to authentic sun-

Authentic tests
are contextualized,

complex intellectual
challenges, not
fragmented and

static bits
or tasks.

dards of performance, which students
must understand to be inherent to suc-
cessful performance.

Authentic tests use multifaceted scor-
ing systems instead of a single aggregate
grade. The many variables of complex
performance are disaggregated in judg-
ing. Moreover, self-assessment becomes
more central."

Authentic tests exist in harmony with
schoolwide aims; they embody standards
to which everyone in the school can as-
pire. This implies the need for school-
wide policy-making bodies (other than
academic departments) that cross discipli-
nary boundaries and safeguard the essen-
tial aims of the school. At Alverno Col-
lege in Milwaukee. all faculty members
are both members of disciplinary depart-
ments and of "competency groups" that
span all departments.

Fairness and equity. Rather than rely
on right/wrong answers, unfair "distrac-
tors," and other statistical artifices to wid-
en the spread of scores, authentic tests
ferret out and identify (perhaps hidden)
strengths. The aim is to enable the stu-
dents to show off what they can do. Au-
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theistic tests strike a constantly examined
balance between honoring achievement,
progress, native language skill, and pri-
or fortunate training. In doing so. they
can better reflect our intellectual values.

Authentic tests minimize needless, un-
fair, and demoralizing comparisons and
do away with fatalistic thinking about re-
sults. They also allow appropriate room
to accommodate students' learning styles,
aptitudes, and interests. There is room
for the quiet atechie" and the show-off
prima donna in plays; there is room for
the slow, heavy lineman and for the
small, fleet pus receiver in football. In
professional work, too, there is room for
choice and style in tasks, topics, and
methodologies. Why must all students be
tested in the same way and at the same
time? Why should speed of recall be so
well-rewarded and slow answering be so
heavily penalized in conventional test-
ing?m

Authentic tests can be indeed,
should be attempted by all students,
with the tests "scaffolded up," not
"dumbed down" as necessary to compen-
sate for poor skill. inexperience, or weak
training Those who use authentic tests
should welcome student input and feed-
back. The model here is the oral exam
for graduate students, insuring that the
student is given ample opportunity to =-
plain his or her work and respond to criti-
cism as integral parts of the assessment.

In authentic testing, typical procedures
of test design are reversed, and account-
ability serves student learning. A model
task is first specified. Then a fair and
incentive-building plan for scoring is de-
vised. Only then would reliability be con-
sidered. (Far greater attention is paid
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Only a humane
and intellectually
valid approach to

evaluation can help
us insure progress

toward national
intellectual fitness.

throughout to the test's
logical" validity.)

As I said at the outset, we need a new
philosophy of assessment in this country
that never loses sight of the student. To
build such an assessment, we need to re-
turn to the roots of authentic assessment,
the assessment of performance of exem-
plary tasks. We might start by adopting
the manifesto in the introduction of the
new national assessment report in Great
Britain, a plan that places the interests of
students and teachers first:

"face" and e'eco-

Any system of assessment sbou.9
satisfy general criteria. For the purpose
of national assessment we give priori-
ty to the following four criteria:

the assessment results should
give direct information about pupils'
achievement in relation to objectives:
they should be critenon-referenced;

the results should provide a basis
for decisions about pupils' further
learning needs: they should be forma-
tive;

the grades should be capable of
comparison across classes and schools
. . . so the assessments should be
calibrated or moderated;

the ways in which criteria are set
up and used should relate to expected
routes of educanonal development, giv-
ing some continuity to a pupil's assess-
ment at different ages: the assessments
should relate to progression."

The task is to define reliable assess-
ment in a different way, committing or
reallocating the time and money needed
to obtain more authentic and equitable
tests within schools. As the British pro-
posals imply, the professionalization of

24

teaching begins with the freedom and re-
sponsibility to set and uphold clear, ap-
propriate standards a feat that is im-
possible when tests are seen as onerous
add-ons for "accountability" and are de-
signed externally (and in secret) or ad-
ministered internally in the last few days
of a semester or year.

The redesign of testing is thus linked
to the restructuring of schools. The re-
structuring must be built around intellec-
tual standards, however. not just around
issues involving governance. as has too
often been the case so far. Authentic re-
structuring depends on continually ask-
ing a series of questions: What new meth-
ods, materials, and schedules are re-
quired to test and teach habits of mind?
What structures, incentives, and policies
will insure that a school's standards will
be known, reflected in teaching and test
design, coherent schoolwide, and high
enough but still reachable by most stu-
dents? Who will monitor for teachers'
failure to comply? And what response to
such failure is appropriate? How schools
frame diploma requirements, how the
schedule supports a school's aims, how
job descriptions are written, bow hiring
is carried out, how syllabi and exams are
designed, how the grading system rein-
forces

41)
standards, and how teachers po-

lice themselves are all inseparable from
the reform of assessment.

Authentic tests must come to be seen
as so essential that they justify disrupt-
ing the habits and spending practices of
conventional schoolkeeping. Otherwise
standards will simply be idealized, not
made tangible. Nor is it "soft-hearted" to
worry primarily about the interests of stu-
dents and teachers: reform has little to do
with pandering and everything to do with
the requirements for effective learning
and self-betterment. There are, of course,
legitimate reasons for taking the intellec-
tual pulse of students, schools, or school
systems through standardized tests, par-
ticularly when the results are used as an
"anchor" for school-based assessment (as
the British propose). But testing through
matrix sampling and other less intrusive
methods can and should be more often
used.

Only such a humane and intellectually
valid approach to evalurt:on can help us
insure progress toward national intellec-
tual fitness. As long as we hold simplis-
tic monitoring tests to be adequate models
of and incentives for reaching our in-
tellectual standards, student performance,
teaching, and our thinking and discussion



about assessmcei will remain flaccid and
uninspired.
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How World-Class Standards
Will Change Us
Arthur L. Costa

As we abandon traditional views of education,
the skills of thinking and problem solving will

replace discrete subject areas as the core of
the curriculum and will lead to changes in
instruction and assessment.

Enterprising learning communities
looking toward education in the
next century know that new
educational goals are imperative
for our youth's survival, the

continuance of our democratic institu-
tions. and even for our planetary exis-
tence. Learning how to learn
throughout a lifetime; knowing how to
behave when answers to complex
problems are ambiguous, dichoto-
mous, and paradoxical; and ge-.1er-
atine, organizing, and applying an
abundance of technological informa-
tion are just a sample of the types of
goals we need to establish.

From such goals. we will establish
world-class standards. But to do this,
we must be prepared for a paradigm
shift. We will have to replace some of
our obsolete, traditional views of
education with more modern. relevant.
and consistent ones. We will let go of
our obsession with content acquisition
and knowledge retention as merely
ends in themselves. We will dismiss
uniformity and begin to value diver-
sity. We will extinguish external eval-
uation of students and teachers in
favor of self-evaluation. We will
replace extrinsic rewards with learning
activities that are intrinsically moti-
vating. We will deflate competitive-
ness to expand interdependence. We
will redefine smart to mean knowing
how to draw forth from a repertoire of
strategies. knowledge. perceptions.
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and actions
according to
contextual
demands.

Since all
aspects of a
system are inter-
locking, all parts

must change in accordance with the
new paradigm. No one part can
operate efficiently unless the other
parts of the system work harmoniously
(Kuhn 1970). Imposing higher stan-
dards. therefore, is not just "kid stuff."
Higher standards must be set for all
components of the educational enter-
prise. We will need to evaluate the
contribution of all parts of the system
to higher standards in curriculum,
instruction, and assessment.

Higher curriculum standards. Our
obsession with the archaic compart-
mentalization of the disciplines keeps
school staffs separated. As intellectual
development, thinking, problem
solving, and cooperating become the
Core of the curriculum, traditional
content and subject-matter boundaries
will become increasingly obscure and
selectively abandoned. Process will

become the content of instruction.
Our view of instruction will shift

from learning of the content to
learning from the content. History,
physical sciences, mathematics, or the
arts in the curriculum will no longer
be ends in themselves; instead,
problem-based instruction will serve
as the vehicle for learners to integrate,
reflect on. and transfer the unique
knowledge, structure. and modes of
inquiry of several disciplines.
Teachers will select relevant, problem-
centered, integrative themes because
of their contributions to the thinking/
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learning process, and we will focus
standards on applying concepts from a
variety of fields to produce new knowl-
edge, transfer strategies to novel situa-
tions, and tackle complex problems.

Higher instructional standards.
Having world-class standards will
make us begin to see the profession of
teaching as Intellectually complex,
collaborative, and reflective. Teachers
who have achieved the highest stages
of intellectual functioning are more
committed to and empathic with indi-
vidual students, and they provide
greater stimulation for students to
funciion at higher levels of cognitive
complexity as well (Glickman 1985).

In traditional school settings, time
limits, isolation, and minimal peer
interaction prevent teachers of
different departments, grade levels,
and disciplines from meeting together.
Thus, teachers' intellectual growth is
diminished. Teaching toward world-
class standards will require mutual
interaction from teachers who work
with students from various age levels
and possess rich funds of knowledge
in various fields. New roles for
members of instructional teams will be:

knowledge managers who judi-
ciously select topics and problems for
their contribution to achieving these
standards;

team planners who continually
clarify the school community's desired
outcomes and create instructional
strategies to achieve their goals;

collegial coaches who teach,
observe, and give nonjudgmental feed-
back to one another:

collaborative researchers who
experiment with and evaluate
curriculum and instructional effective-
ness and modify them accordingly.
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The entire community must become

committed to higher standards of
educational excellence. This means
higher standards of social services as
well: health care, employment, child
care, recreation, continuing education,
housing, and welfare. The problems
children bring to school that detract
from their achievement of higher stan-
dards are often societal. not learning,
problems. Schools, being a reflection

-Pt Our obsession with the
1 archaic compartmentalizatichi
,t of the disciplines keeps school

T.' 41 staffs separated..t 4
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Higher assessment standards. We
cannot employ traditional product-
oriented assessment techniques to
evaluate the achievement of these new,
process-oriented standards. Skillful
teaching teams and students them-
selves (who are the best collectors of
assessment data) will, over time.
observe, record. interpret, and report
evidence of growth toward and
achievement of these standards. Such
assessment strategies will include:

directly observing performance
in collaborative problem-solving
situations;

collecting logs. journals, and port-

flocrerN.p...

folios of selected artifacts of learning
excellence:

observing performances while
conducting extended cooperative
projects;

conducting interviews to discover
students' self-perceptions as problem
solvers;

maintaining checklists recording
indicators of growth toward desirable
habits of mind:

assessing displays, exhibitions,
and performances according to both
internal and external criteria: and

employing media and advanced
technology to assist in collecting and
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of society, will achieve higher, world-
class standards only when American
society imposes higher, world-class
standards on itself. Achieving higher
standards requires the devotion of the
greatest share of our resources to the
development of each person's fullest
potential.
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INNOVATIONS

Smart Tests
A new approach to assessment helps teachers
understand the ways young children think and grow.

W hen Mary Ann
CI:oilman asks her
kindergarten pu-
pils to draw self-
portraits at the
start of the school
year, they often
sketch a large

head, two eyes, and a stick for a
body. When she asks them to do
the same thing later in the year,
their renderings become more de-

*acquiring ears, mouth,
astick, eyebrows. eye-

t, fingers, shoes, rectan-
gular legseven designs on their
clothing.

Cockman, who teaches at
Thomson Elementary School in
Davidson. Mich., says the student
portfolios she now collects to doc-

ument such progressas well as
the detailed checklists and writ-
ten evaluations she prepares sev-
oral times a year on each child
have helped her become more
attuned to the ways young chil-
dren think and grow. "You learn
to look at children differently,'
she says.

Thomson Elementary is one of
37 schools nationwide piloting a
system of assessment designed to
provide an alternative to stan-
dardized tests and traditional re-
port cards in the early grades.
The approach, known as the
"Worlaampling System," was de-
veloped by Samuel Meisel., a pro-
fessor of education and an associ-
ate dean for research at the
University of Michigan.

Meisels is one among many ex-
perts who argue that traditional
standardized tests are unreliable
for young children and have beat
used inappropriately to delay
school entry, retain large num-
bers of students, and justify rote
skill instruction. Meisels' goal is
to replace group-administered
achievement testing with teacher-
focused performance assess-
ment. Such a change, he says,
would improve both teaching
practices and children's experi-
ences in the sae/ grades.

Teachers using the Work Sam-
pling System complete a detailed
checklist three times a year track-
ing children's performance in
seven domains: personal and so-
cial development., language and
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literacy, mathematics! thinking,
scientific thinking, socia l and cut-
are' awareness, art and music,
and physical development They
alas collect samples of children's
work in each domain, including
tasks asked of all children and
individual items that vary by
child.

Then, using the checklists, port-
folio., and other observations, the
tasehersconiplate a'summary re-
port." or student profile, eval-
uating a child's performance,
strengths, and difficulties in each
domain. These reports, which are
else prepared three times a year,
are designed to serve as a basis
for communicating with other
teachers, parents, and adminis-
trators and for planning student
instruction.

Initial studies to determine
whether outside experts would
rate children the earns way their
classroom teachers do based on
the portfolios and checklists have
shown 'extremely high" reliabil-
ity, according to Meisel.. And a
study designed to gauge the valid-
ity of the assessment compared
with an individually admini-
stered norm-referenced standard-
ised test, he says, also produced
promising results.

Still, Meisels cautions that the
Work Sampling System should
not be used as a "gatekeeping
device" for school entry or promo-
tion. And while data derived from
the system could be used to com-
pare the performance of class-
rooms or large groups, he says,
its chief purpose is to assess indi-
vidual children's progress over
time, gauge achievement against
curriculum goals, and tailor in-
struction to children's needs.

Lorrie Shepard, a professor of
education at the University of Col-
orado and author of studies on
the adverse effects of retention in
the early grades, says the biggest
danger in introducing alternative
early childhood assessments oc-
curs "when people take a meas-
ure designed for one purpose and
retrofit it for another." Much
more experimentation and
fieldwork in the higher grades
are needed, she maintains, to
reliably use such data to rate the
quality of teachers and schools.
Me kinds of preliminary data
we've seen are sufficient to jus-
tify classroom uses of these as-
sessments," she says, 'but would
not be sufficient for external ac-
countability purposes.'

Such assessments are perhaps
most useful in helping teachers
learn more about child develop-
ment. JoAnne Lowe, a kindergar-
ten teacher at Copeland Ele-
mentary, a pilot school in Dexter,
Mich., says the Work Sampling
System has helped her become a
better observer of the whole
gamut of children's needsin-
eluding their physical growth and
personal and social develop-
mentand has "made me aware
of areas I wasn't strong at.'

"One of the beet things about it
is that children do not fail," says
Janice. Brown. principal of Ketter-

ing Elementary in Willow Ri
Mich., another partiespati
school. 'What you are messun
a child against is him- or hem
sot a false presumption like
grade or test. If no growth is e
dent. then we can look at it a
look at how we are going
change our system.'

One drawback, teachers say
that the system is very 'in
consuming. But, they add, p
enta like the detailed feedbr
this kind of assessment gi
them, and it buoys children's sr
esteem. 'Kids, by the end of t
year, are able to look at th
portfolio and are their ei,
growth," says Penny Butler, a k
dergsrten teacher at Garfield E
mentary School in flint. Mich.

While they applaud the level
training and technical assistar

`One of the best

things about it is

that children do

not fail,' says on

principal. 'What

you are measurin

a child against is

him- or herself,

not a false

presumption like

a grade or test.'

provided by Meisels and his cc
leagues, some educators still pr
diet it will take a few years ft
them to become comfortabl
using the system. And Harm
University psychologist Hower
Gardner notes that it also wi
take time to "develop canons
looking and listening"likt that
established to rata performanc
in other fieldsthat pot
cymekers would consider amp
able for accountability purposes

Says Principal Janice Brows
"One of the hard questions educi
tors have to answer is: Are
interested in knowing how chi
dren compare with one anodic
or are we interested in knowin
how much children are learnint
If we have decided we are mot
interested in knowing how mue
children are learning, we must d
something like this."

Deborah 1.. Coital
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Laser Disk Portfolios:
Total Child Assessment

Multimedia technology has transformed
the assessment process for students and teachers
at a rural elementary school in Wyoming.
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JO CAMPBELL

As this story begins, a 4th grade
student is sitting at a multi-
media system consisting of a

computer, CD-ROM drive, optical
drive, scanner, and laser printer. The
student has requested that a story he
wrote become part of his permanent
assessment record. He is scanning his
work onto his laser disk. As he works,
another student asks to take the video
camera to the art room. She wants to
record a video of herself throwing a
pot on the potter's wheel as one of her
assessments for the year When she
finishes, she returns to the multimedia
system to transfer the video to her

. laser disk.
Earlier today, a student has used the

video camera to record the play in
which he had the leading role.
Another student has documented on
disk that she has the ability to climb
the rope in physical education class.

All of this is happening at
Conestoga Elementary School in
rural Wyoming, where the idea of
creating portfolios of students' work
as a means of assessment has been
combined with laser disk technology.
The laser disk portfolio assessment

4. system is based on the work of IBM
consultants and researchers from
Project Zero at Harvard. A grant from
the Wyoming State Department of
Education Super School Program
helped our school purchase the neces-
sary IBM hardware. While the tech-
nical implementation has had its
frustrating moments, the IBM
consultants and school staff have
persevered.

I
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Using Laser Disk Assessments

Students and teachers at Conestoga
have begun to use the laser disk port-
folio assessment system this year.
Large amounts of information can be
added to or retrieved from the system
as many times as necessary. Yet the
laser disks are so small they can slide
into any student's permanent file,
eliminating the need to find additional
filing space.

Teachers can use the system to
research classes before the first
day of school. The system helps them
do something as simple as putting
students' names and faces together, or
something as complicated as deciding
what teaching and learning activities
would best increase outcomes for the
students.

To begin planning assessment,
grade-level teams determine criteria to
evaluate growth for each child.
Teachers do a preassessment the first
month of school by videotaping their
students. These preassessment videos
might record a student playing a game
with another student, reading a story
of the student's choice, or answering a
few questions as the video camera
records the student's ability to talk
with an adult.

Teachers plan to use the system for
formal assessments at least twice a
year with each student. Has the
student gained reading fluency? Has
handwriting improved? How else has
the child grown? Questions such as
these can be answered by reviewing
the disk.

During the school year. teachers can
review the disks of students who are
struggling with schoolwork to_deter-
mirlf what the students' interests are
and in what areas they have excelled
previously. The disks can be used to
motivate the child who says, "I can't
do it," by showing how much he or
she has done over the years. Self-
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esteem builds as the accomplishments
of each child are recorded and as
growth is measured against individual
standards, rather than group standards.

At the end of the school year, an
annual ritual of passage will take place
as each 6th grader and his or her
parents, along with the teacher and
principal, review the student's disk
from kindergarten to 6th grade. We
are expecting tears and laughter and
possibly embarrassment from students
viewing their antics of years gone by,
but we are also predicting that every
family will want a copy of the disk for
a personal history. In any event, the
school will keep a disk for its records.

implementing the System

A school planning team handled the
implementation of Conestoga's laser

is
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disk portfolio assessment system. The
counselor made home visits to talk to
parents about the system and ascertain
any concerns or ideas about assessing
in this manner. Implementing the
complete system with just one class
the first year allowed staff participants
to acquaint themselves with the
system and become comfortable with
the equipment before launching into
assessments of the total school
population.

The kindergarten class will be the
first class to be followed through the
grades. This year we videotaped the
kindergartners answering predeter-
mined questions and transferred that
image to their laser disks. Teachers
also scanned the children's drawings
onto the disks.

Getting a Complete Picture

Portfolio assessment is not a new
concept in education, but a system
that allows permanent storage of
optical data, written and drawn
images, and verbal ability is new. The
staff and parents at Conestoga are
excited about this new assessment
system, especially as it relates to
increasing student self-esteem.
Recognizing that child development
involves more than cognitive growth
is the underlying belief behind the
system. The students, parents, and
staff will be looking at the laser disk
portfolio assessments to determine
growth in verbal ability, physical
accomplishment, artistic achieve-
ment, and self-assurance. 0

Copyright © 1992 by Jo Campbell.

Jo Campbell is Principal of Conestoga
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Portfolios Invite Reflection
from Students and Staff

Learning Experience Forms and Portfolio Evenings
are just two of the ways Crow Island School found
to make the assessment process more meaningful.

ELIZABETH A. HEBERT

_our years ago, Crow Island
Elementary School began a
project that has reaped benefits

far beyond what any of us could have
imagined. The focus of the project was
assessment of children's learning, and
the tangible product is a new reporting
form augmented by student portfolios.

More important, however, has been
the process of developing our thinking
and teaching around new ways of
looking at children's learning. In fact,
this process became more valuable to
us as a faculty than the assessment
product, helpful as it has been.

Our Commitment to
Alternative Assessment

The project grew out of our dissatis-
faction and frustration with mandated
standardized modes of assessment.
Standardized tests do not reflect how
we teach, the effects of our teaching
on children, or how we adapt instruc-
tion to individual learners. Wolf and
colleagues write that "the design and
implementation of alternative modes
of assessment will entail nothing less
than a wholesale transition from what
we call a testing culture to an assess-
ment culture." They continue:
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The observable differences in the
form, the data, and the conduct of
standardized testing and its alterna-
tives are in no way superficial

matters or mere surface features.
They derive from radical differ-
ences in underlying conceptions of
mind and of the evaluation process
itself. Until we understand these
differences and their network of.
consequences, we cannot develop
new tools that will allow us to
ensure that a wide range of students
use their minds well (1991, p. 33).

Obviously, we had our work cut out
for us. What did we do to reaffirm our
commitment to a concept of learning
incompatible with standardized
testing? First, we did a good deal of
reading; engaged in lengthy discus-
sions about values, community
building, and conferencing; and
consulted with experts. We also
became more deliberate about making
time to visit one another's classrooms
and to share and refine our observa-
tions of children. Next we began
defining the questions to which we
were seeking answers. Our first ques-
tions were global:

How do we define learning?
Where does learning take place?
How do we recognize learning?
How do we report instances of

learning?
As we answered these larger ques-

tions, our concerns became more
specific. How can we communicate
about children's learning experiences
with parents in ways that:
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authentically describe the child,
speak to issues of accountability

and maintain the integrity of our
beliefs about children and how they
learn,

reflect the different ways that
teachers organize instruction,

provide concrete information
compatible with parents' expectations?

A Compatible Theory

Some background information about
our school provides a context for our
project and how we went about
answering these questions. Crow
Island is a public JK-5 school in
Winnetka, Illinois, an affluent suburb
of Chicago's north shore. The
Winnetka Public Schools include 4.hree
elementary schools and one middle
school for grades 6-8. Our lower
schools have enrollments of 360-390.
Although a public school system, we
have a strong tradition in the progres-
sive philosophy of education that is
distinguished by:

a commitment to a developmental
orientation to instruction,

the priority placed on considera-
tion of the "whole child" and his or
her individual mode of learning,

the absence of letter grades until
7th grade,

high regard for teachers as profes-
sionals.

In acknowledging the uniqueness of
a child's mode of learning, the district
has placed a high priority on confer-
encing with parents. For many years,
pupil progress has been reported to
parents in a conference format three
times per year. Teachers had prepare,'
narrative descriptions of children

EDUCATIONAL LEADERSHIP



using the following organizers:
language arts, math, social studies,
science, growth of the child as a
learner, and growth of the child as a
group member.

One expert who influenced our
thinking about alternative assessment
was Howard Gardner, whose "Theory
of Multiple Intelligences" (musical,
linguistic, logical-mathematical,
spatial, bodily-kinesthetic, interper-
sonal, and intrapersonal) challenges
the more traditional concepts of intel-
ligence. The main thrust of Gardner's
theory as applied to schools is that
children may demonstrate the different
kinds of intelligences in ways not
necessarily associated with traditional
school subjects and certainly not asso-
ciated with traditional modes of
assessment. Gardner's theory
resonated with the themes of progres-
sive education to which we at Crow
Island arc devoted.

A Visual Format

Gardner's theory provided a good
scaffold for our thinking. The next
step was to put our thoughts into a
visual format. Our first rough attempt
began to capture the idea of multiple
dimensions of a child's learning. This
primitive model consisted of a stick
figure surrounded by floating boxes.
As you may expect, there was much
discussion about the number, size, and
positioning of 'he boxes, but we
finally agreed on a format. We call it
our Learning Experiences Form (see
fig. I for a composite example of the
form, shortened for space).

Our next concern was to identify
our organizers on the Learning Experi-
ences Form. Being committed to the
multiple intelligences perspective, we
readily included music, art, and phys-
ical education. We wanted to recog-
nize these teachers' long-term rela-
tionships with students, the value of

Al A V low+

their programs, and their insights
about children's learning. But what
about the other Learning Experience
organizers? The dialogue went some-
thing like this:

Q: How should I specify my
organizers?

A: That depends on how you
organize instruction.

Q: But what if mine are different
from someone else's?

A: That's OK. You organize
instruction differently. We already
know that about one another. Now
we're just writing about it.

Q: But we organize instruction
differently for different students.

A. Your Learning Experiences
Form will then reflect the flexibility
of your teaching.

This was a crucial stage in our
thinking because discussing the form
brought to the surface what I term the
"bilingualism" of teachers. Inside
language what we do in our class-
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rooms reflects our beliefs and
values, years of teaching experience,
observations of children and of other
good teachers, and confidence in
knowing what we know. Outside
language what we say we do in our
classrooms is influenced by
community values, comfort level
within the school environment, polit-
ical pressures, district and administra-
tive policies, test scores, and
curriculum.

The nature of our project necessi-
tated our speaking "inside language,"
a more difficult discourse because it
requires feelings of safety and secu-
rity. Gradually, though, we were able
to experience the sharing of values
that leads to the creation of a secure,
thoughtful environment for children,4
teachers, and parents.

A Close Look at Ourselves

In order to change how we evaluated
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children's learning, we real-
ized we needed to take a
close look at ourselves. We
soon found ourselves
undergoing an intensive
assessment of our teaching,
our beliefs about children,
and our views of the school
and its relationship to our
community.

At this point, the project
quite naturally proceeded
from an emphasis on
student assessment to a
more powerful staff devel-
opment focus. In order for
this to occur in any school,
administrators must commit
to providing the kind of
school environment where
.such a climate can flourish.
Administrators also have to
acknowledge that all
teachers do not arrive at the
same point in their growth
together. As we emphasize
with the children, teachers
must construct their own
knowledge of children, how they learn,
and how to evaluate that learning. We
have to be patient and sufficiently open
to allow for different stages of under-
standing, yet focused enough to
provide clarity and vision to the effort.

Improvements to the Process

We began using the Learning Experi-
ences Form in a variety of ways. Some
teachers were more conservative,
using traditional school subject labels
on their forms. Others coined new
organizers that reflected their teaching
styles. As they struggled with the new

0 tonna, teachers became more
.11oughtful; and parents, sensing the
positive energy and concern of
teachers, responded enthusiastically.
After the first conference using the
new form, the response from both
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parents and teachers was overwhelm-
ingly positive.

Over four years, we've refined the
form to meet the suggestions of
teachers at kindergarten, primary, and
intermediate levels. In response to our
concern about how to separate out
curriculum specifics and descriptions of
a child's learning, one of our teachers
designed a Curriculum Overview, to be
printed on the back of the form, that
consists of mini-statements of
curriculum objectives for that portion
of the year. This addition freed up the
front of the form for more focused
descriptions of children's learning.

Noting the absence of the child's
input to the form, we designated a
space for a "child's reflection" about
his or her learning. The older students
write their own thoughts; teachers take
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dictation for the 1st graders. We've
also begun to include parents'
thoughts about their child's learning
experience in our assessment form.

Students Tell Their Stories

The next step was to have our students
create portfolios. Portfolios are
compatible with Crow Island's agenda
for effective teaching, authentic
assessment, and faculty growth. One
of the hest definitions in the current
literature comes from Paulson and
Paulson (1991): "Portfolios tell a
story ... put in anything that helps tell
the story." With these authors, we also
agree about the importance of the
child's participation in selecting the
contents of the portfolio and with a
focus more on process than on content
(1991. p. I).

. I ..... 6,611,



At present, each of our students has a
portfolio that represents work across all
domains. Students maintain their port-
folios all year and frequently have
conferences with the teacher about
works in progress, additions, and dele-
tions. At the end of the year, their port-
folios are combined with past years'
work and stored in our Student
Archives. The archives are alphabeti-
cally arranged in open shelving in our
Resource Center along with historical
documents, publications, and
photographs of our school and students.

Portfolio Evenings
Three years ago we added a new
element to our assessment project.
Encouraged by the kinds of thinking
that children had expressed in their
Student Reflections, we realized that
they were capable of much more.
Getting them more involved in the
process of assessment seemed to make
good sense:

In preparation for "Portfolio
Evenings," children review their port-
folio/archive as teachers guide them
with questions like:

How has your writing changed
since last year (or since September)?

What do you know about numbers
now that you didn't know in
September?

Let's compare a page from a book
you were reading last year and a book
you are reading now and include
copies of each in your portfolio (an
idea from Denise Levine, Fordham
University, New York).

What is unique about your port-
folio?

What would you like Mom and
Dad to understand about your port-
folio? Can you organize it so it will
show that?

The idea is to ask guiding questions
that help children reflect on their
learning. Students are encouraged to

write about their learning and to
include these thoughts as part of their
portfolios. Developing the metacogni-
tive process in students, even at a
young age, heightens their awareness
and commitment to a critical assess-
ment of their learning.

In preparation for Portfolio
Evenings, the teacher divides the class
into small groups of six or seven at the
primary level (and larger groups at
grades 4 and 5) and assigns a night for
each group of students and their
parents. Primary-level Portfolio
Evenings are held in February. We
hold intermediate-level Portfolio
Evenings in May, because older
students prepare more extensive
projects.

On Portfolio Evenings, which last
for about an hour and a half, the chil-
dren sit with their parents and present
their portfolios. The teacher and I
circulate, visiting each student and
highlighting particular milestones each
youngster may have attained. We are
available for questions but try not to
intrude, because this is really the chil-
dren's evening, and they need to "run
the show" as much as possible. Parents
and teachers have been impressed with
the leadership and independence that
even our youngest students have
demonstrated in this setting.

A Powerful Learning Experience
We are continuing to refine our assess-
ment project. Some issues we're
addressing are practical in nature, for
example, storage containers for the
portfolios/archives. Others are more
fundamental, like how to use portfo-
lios to link children's early, strong
expressions of interest in a particular
topic to more sophisticated elabora-
tions later in their school careers. We
are also contemplating how to gain the
community's support for these alterna-
tive modes of assessment as part of a
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viable system of accountability. And,
finally, as a faculty we are trying to
preserve the cohesive and bold spirit
that nurtured this project along its way.

The entire process has been a
powerful learning experience for our
faculty as well as for the children and
their parents. It has expressed the
fundamental values of our school
district and represents our joint explo-
ration of the complex issues of chil-
dren and their learning. We are
encouraged to go forward by the posi-
tive effects this project has had on the
self-esteem and professionalism of the
individual teachers and the inevitable
strengthening of the professional
atmosphere of the entire school. We
have improved our ability to assess
student learning. Equally important,
we have become, together, a more
empowered, effective faculty.
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PORTFOLIO ASSESSMENT
IN THE HANDS

OF
TEACHERS

Skills and Training Needed To Meet a
High-Stakes Challenge

BY CLARE FORSETH
Teacher. Marian Cross Public School, Norwich. Vermont
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The definition of "assessment" is broader than tests. In time, educators may realize that "assessment" includes every activity that
es znformattcrn about students.
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hose who shape educational
policy in Vermont are engaged
in a formidable task: a statewide

innovative assessment of mathematics
and writing ability of fourth and
eighth graders.

After Vermont's legislature funded
a program in 1990 that allowed the
state's Department of Education to in-
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vestigate various assessment systems, a
committee of teachers and consul-
tants looked at what the current
methods of assessment were measur-
ing. The committee decided the long-
used standardized test was not assess-
ing many of the educational out-
comes Vermonters value most.

These policymakers then turned to
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emse ves," process
approach to

writing instruc-
tion, which has

been in place for more
than a decade. In this ap-

proach, student writers de-
velop their ideas through many

drafts, with less emphasis on the
end product than on the learning and
thinking process that creates an in-
creasingly precise refinement of ideas.

Vermont's commitment to portfolio assessment requires teachers to
become more than familiar with a new assessment tool. It also
demands new instructional techniques.

a portfolio assessment system that
looks at student work and assesses it
against established criteria. Unlike
standardized test results, which reveal
what a student does and does not
know on one specific occasion, the
portfolio showcases the student's best
work over time.

This alternative means of assess-
ment represents a high-stakes chal-
lenge for the state's teachers. asking
much more of them than mere famil-
iarity with a new assessment tool. Suc-
cessful implementation of this form
of assessment calls on teachers to
make significant changes in their in-
structional techniques.

Process Approach
To effect such changes, teachers need
a vanety of support systems to develop
their understanding of portfolio as-
sessment and the new skills that sup-
port it. Vermont has established sup-

Sixth-grade
students from
Marion Cross
Public School,
Norwich. Vt.,
are solving a
mathematical
nddie in which
they try to find a
number that
could be made
into a souare
and a cube.

port systems tb develop portfolio as-
sessment skills in mathematics and
writing. The change from other
assessment methods is most clearly
demarcated in the mathematics port-
folio assessment.

Many teachers are familiar with the
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BEST COPY AVAILABLE

During much of this same period,
though, mathematics instruction con-
tinued to be driven by standardized
tests that emphasized
and one-step word problems. Th
most widely used textbooks also re-
flected these emphases. Unfortu-
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nately, these systems continued the
stress on successful computation and
correct answers that has long been the
focus of the mathematics classroom,
and this focus retarded the develop-
ment of process-oriented approaches
to teaching mathematics.

Vermont's investigation of various
assessment systems convinced plan-
ners of the importance of a more
thoughtful analysis of which mathe-
matical skills and abilities are truly
valuable and lasting, and how these
abilities might best be fostered
through instruction and assessment.
They recognized the need to begin to
focus on problem solving and on the
students' ability to communicate their
reasoning.

So significant a change in approach
to assessment, combined with neces-
sary changes in instructional ap-
proach, could not be implemented
overnight, even in a small state like
Vermont. Teachers first had to learn
just what was to be evaluated in port-
folio assessment, and how.

Evaluation Criteria
In the portfolio assessment of mathe-
matics, student work is used to assess
problem solving and communication
skills using these seven criteria:

understanding the task,
applying the strategy,
making decisions,
verifying the solution,
making connections,
using rich mathematics lan-

guage, and
using effective mathematical rep-

resentation.
The first task, then, was to familiar-

ize teachers with these criteria.
To this end, a committee of teach-

ers developed institutes to introduce
participants to the problem solving
and communication criteria used to
assess student work. Teachers re-
sponded eagerly to the chance to
make meaningful changes in their ap-
proach to teaching mathematics.

One participant in a portfolio insti-
tute said: "I feel both excited and chal-
lenged by the mathematics portfolio
project we are undertaking as a state.
It is exciting to examine alternative as-
sessment measures and challenging to
confront the reality that this assess-
ment project is driving a change in
our way of providing mathematics in-

struction to students. The mathemat-
ics portfolio requires some dramatic
shifts in our teaching. Teachers who
have traditionally used drill activities
and worksheets will need to rethink
their instruction in order to ensure
that students become effective prob-
lem solvers, hence meeting the crite-
ria set by the portfolio project"

To understand the process their stu-
dents go through as they solve a prob-
lem, teachers need to become prob-
lem solvers themselves. During the
institutes, teachers not only learn to
assess student work, they also are ac-
tively engaged in problem solving.
Sample problem-solving situations are
presented to the teachers. One day
teachers use tangram pieces to investi-
gate fractions. Another day they use
Cuisenaire rods to introduce the con-
cept of ratio and proportion. In each

portfolio institute come to under-
stand problem solving involves more
than simply getting the answer. It also
encompasses communicating through
mathematical language and a repre-
sentation of how the student solved the
problem, why certain decisions were
made along the way, and what connec-
tions the student was able to make dur-
ing the problem-solving process.

An important goal of the institutes
is for teachers to convey this aware-
ness of the problem-solving process to
students in their mathematics classes.
This means involving students in
many problem-solving situations and
assessing the work using problem-
solving and communication criteria.

Through the assessment, students
begin to understand how to improve
their solutions or presentations. Stu-
dents who take ownership of the crite-

s - .

Vermont trains as teachers to serve as assessors. Each year they will evaluate a sample of portfolios
from around the state against seven criteria to prepare a detailed analysis of student progress.
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case the teachers work in cooperative
groups and write up and share their
strategy and reasoning with other par-
ticipants. This type of model lesson al-
lows the teacher to see exemplary in-
structional techniques as they ex-
perience being problem solvers.

Student Ownership
Teachers who have participated in a

ria begin to be able to assess their own
work. They begin to focus on aspects
of their presentation that are weak and
strive to improve upon them.

To provide students with rich prob-
lem-solving tasks. teachers are finding
they need a variety of resource mate-
rials to supplement their textbook
presentation of content areas. Teach-
ers realize they do not have to rely ex-
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clusively on a textbook but can use
the text as one of many resources.

Problem solving cannot be an add-
on to the curriculum. It needs to be
an integral part of instruction. Teach-
ers need to change the emphasis of
instruction from computation and
one-step word problems to complex
mathematical tasks that engage stu-
dents. tasks for which the student may
not have a readily available strategy.
Teachers are finding that introducing
concepts through manipulatives and
group work allows students to investi-
gate mathematical ideas more thor-
oughly than memorizing rules given
to them by the teacher.

Powerful Tool
Teachers quickly realize just how pow-
erful a tool the student's portfolio is.
It presents a wonderful profile of the
student's evolution as a mathemati-
cian. It also provides an evaluation of

Students in
fifth grade
are calculat-
ingfractions
u.sing

Wags=
Pieces.
Students are
asked to
defend their
decisions.

various aspects of the teacher's pro-
gram, including instructional oppor-
tunities, content areas, and student
empowerment.

First, the portfolio of student work
should show that the student was given
a variety of instructional opportuni-
ties. These opportunities should in-
clude integrating problem solving and
technology, interdisciplinary work,
group work, use of manipulatives, and
real-world applications. Teachers must
acquire skills needed to present these
opportunities in their classrooms.

A second aspect the portfolio will
reveal is that problem solving was not
merely an add-on to the curriculum, a
two-week lesson at some point during
the year. Problem solving and investi-
gations need to be integrated into all
the content areas, and the student's
portfolio should demonstrate this
integration.

Third, the development of mathe-
matical power will require teacher to
provide a classroom environment that
encourages problem solving and
models the curiosity, flexibility, and
reflection we must instill in students.
As students confront problems they
have no ready means to solve, they
begin to exhibit their power as math-
ematicians. They become risk-takers
who persevere through challenging
and engaging tasks. They prove they
are curious about mathematics, flexi-
ble in approaching problems, and
even able to reflect about their
growth as mathematicians.

Having one's program evaluated
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through portfolio assessmentthat is,
in terms of the progress made by ones
students on complex taskscan see
threatening. As teachers grasp
ramifications of this new assessment
program, they realize administrators
have a crucial role to play in providing
strong and positive support.

Crucial Support
Administrators always need to be in-
volved with their teachers and sensitive
to their needs, but this supportive en-
gagement is especially important when
major instructional changes are being
implemented. The administrator will
be asked to support the teacher in in-
forming school board members, par-
ents, and the community about the
portfolio assessment process and the
results that are generated.

Educating community groups that
are interested in and responsible for
education must parallel the teachers'
experiences in the classroom. If port-
folio assessment is to deliver on its
great potential, educating parents
and community leaders fully about its
elements and its utility is as important
as training teachers.

A week-long training institute mao
not give a teacher the confidence
needed to understand a new philoso-
phy of assessment, let alone make
meaningful changes in instruction.
The teacher new to portfolio assess-
ment will need a network of col-
leagues who can meet regularly to
share ideas, materials, frustrations,
successes, anxieties, and triumphs.
This exchange needs to go on among
the teachers in any school where port-
folio assessment is being adopted. It
also may mean getting help from out-
side sources.

In Vermont, educational planners
divided the state into 17 networks,
each with a writing and mathematics
network leader. These leaders are
teachers interested and involved in
the portfolio assessment process.
They are responsible for contacting
each school in their area regularly to
learn what services the school feels
are necessary to help their teachers
adopt the portfolio assessment pro-
cess. A network coordinator trains
network leaders in using supplan,
tary materials. The leaders then make
presentations to schools to help them
understand the criteria and to help

DECEMBER 1992 27



teachers change the emphasis of their
instruction to meet the criteria.

Once the teacher understands the
criteria and has provided students
with rich problem-solving opportuni-
ties, the actual assessment takes place.
The teacher must be trained to recog-
nize how well each criterion is being
met. The training includes having
available anchor or benchmark pieces
of student work to indicate each level
of attainment for each criterion.

There is no substitute for experi-
ence. A teacher needs to see a range
of student work to distinguish levels of
attainment. Teachers must check their
reliability in scoring with other teach-
ers to be sure they see the standards
through a common lens. In Vermont,
this training is done in the networks.
Each network checks its reliability
within the network and then checks
reliability among networks.

This is an exciting time in education.

For too long, what has been taught in
the classroom has been driven by what
is easy and quick to assess. Now all those
involved in education are discussing
what it is they value in educating and
how best to assess what they value.

Any changes in assessment, how-
ever, will call on educators to develop
a new and richer understanding of as-
sessment techniquesand almost
certainly to make substantive changes
in instructional methods as well.
Teachers are trying to come to grips
with new assessment tools and the im-
plications they bring for classroom in-
struction. The success of any alterna-
tive system will depend on the skills
the teachers are enabled to de-
velopand the support they receive.

Clare Forseth serves as a statewide
trainer in portfolio assessment for the
Vermont Department of Education.
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RESEARCH REPORT
Reprinted, with permission, from The Executive Educator
(February). Copyright (1993), the National School
Boards Association. Al i rights reserved.

PORTFOLIO
ASSESSMENT

By Susan Black

If your school is considering portfolio assessment as an

alternative to traditional tests, take note: The new approach
has problems of its own

ALONG WITH BOOK BAGS AND LUNCH BO:,
many students now tote something new to
schoolportfolios of their work. The use of
portfolios is becoming increasingly popular in
U.S. schools as teachers look for alternatives

to traditional tests to measure student progress. But so
new is the portfolio concept that there isn't yet much
research to guide educators in setting up new systems.
And that should signal a go-slow approach.

In fact, one recent research report from the RAND
Corp., evaluating Vermont's portfolio assessment pro-
gram. points to some serious problems with portfolios
that should serve, according to report author Daniel
Koretz, as a "warning call for people to be a little more
cautious."

Portfolios appeal to educators for good reason,
though. Researchers have long noted that traditional
tests, standardized or otherwise, have clear limitations.
According to Joan L. Herman and S. Golan, for exam-
ple, the content of the tests too often determines what
is taught. These researchers (along with many others)
find that tests "narrow the curriculum" to basic skills
rather than higher-order thinking skills. Another re-
searcher, Lorrie Shepard, reports that even when stu-
dents do well on tests (often because teachers "teach to
the test"), it doesn't mean they've learned anything
valuable. Most likely, Shepard says, what they've
learned is to take tests well.

Many teachers, for their part, maintain there's little
match between what they teach and what tests mea-
sure. Teachers who stretch children's minds beyond
simple memorization and who emphasize group prob-
lem solving and cooperative learning protest that stan-

Susan Black is an education consultant who lives in Penn Ian
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dardized tests don't reflect their students' real knowl-
edge and abilities.

Portfolios are one answer in the search for alterna-
tive ways to assess students' performance. Portfolios are
supposed to represent what students knowto show,
over time and in a variety of ways, the depth, breadth,
and development of student's abilities, according to re-
searchers Lorraine Valdez Pierce and J. Michael O'Mal-
ley.

But as any teacher who's tried portfolios will attest,
deciding to use them is the easy part; it's much harder
to ensure portfolios accurately record and measure stu-
dent performance. Some state education departments
and research labs do offer workshops -,1c1 booklets on
portfolio assessment. But teachers usually find it's best
to experiment and develop their own strategies to fit
their subject areas and their classrooms. The work of
Ohio State University researcher Robert Tierney and his
public school teacher colleagues encourages teachers
along those lines.

But even under supportive circumstances, the
change from traditional testing to portfolios isn't always
easy. Judith Arter, a researcher with the Northwest Re-
gional Educational Laboratory, says few teachers who
are excited about the possibilities of using portfolios
have worked out exactly what they mean by portfolios
or how they should be used. And, says Arter, most
teachers haven't anticipated or addressed the fallout is-
sues that can accompany portfolio assessments.

Using portfolios without a clear plan can lead to mis-
understandings with parents, administrators, and stu-
dents. Teachers might also find some tasks bewildering.
such as setting acceptable standards for student work.
coordinating assessments with grading requirements.
and storing archives. If teachers, feel overwhelmed with
the planning details, they might forsake their good in-



tendons. And if that happens, student portfolios might
end up in the circular file.

The Vermont experience

In one of the best known portfolio programs, Vermont
teachers helped the state department of education de-
sign a statewide system of portfolio assessment as one
way of evaluating the re-
sults of a new writing pro-
gram. The portfolios are
now used in grades four
and eight. with grade 11
to be added soon. A typi-
cal Vermont fourth-
grader's portfolio contains
these pieces: (1) a table of
contents listing the pieces
the student has selected;
(2) the best piece of writ-
ing as chosen by the stu-
dent: (3) a letter written
by the student to the
teacher and other review-
ersabout the best piece,
explaining why the stu-
dent chose it and the pro-
cess used to produce the
final draft: (4) a poem,
short story. play, or per-
sonal narrative: (5) a per-
sonal response to an
event. program. or item of
interest: and (6) a prose
piece from any subject
area other than English or
language arts.

Vermont. which also
uses portfolios to evaluate
students' math progress. is
a pioneer in implementing
the approach. beginning
in 1988. But the state is
also a pioneer in coming
face-to-face with the prob-
lems associated with port-
folios. The evaluation by
the RAND Corp.. released
in December, showed
rater reliabilitythat is,
the odds that two differ-
ent teachers would rate a
portfolio the same wayto be very low. The recom-
mendations put forth in the report include improving
training for teachers in how to score portfolios accu-
rately and making changes in the scoring system itself,
which the report suggests might be too complex. The
report's author. Daniel Koretz. says Vermont is actively
looking at instituting some of the changes and that
RAND will continue its evaluation.

Koretz. a resident scholar at RAND. says those who
begin using portfolios often want to accomplish two
things: Improve what goes on in the classroom. and

-t-yrir Trienr7.1.-

find a good assessment tool. But, he says, those two
goals can be at odds with each other. Improving what
goes on in the classroom often means broadly training
every teacher in rating student work. Assessing students
accurately, on the other hand, could well require train-
ing only a small number of teachers at a time, but train-
ing them carefully and thoroughly.

The question that needs to be addressed, Koretz
says, is how to compro-
mise between a powerful

WHY USE PORTFOLIOS?

ere are some reasons to use pornolioeas:ser
dowri byEnglish'and language arts teachers in-
California. These reasons are excerpted from Test-

ing for Learning, by Ruth Mitchell, and adapted from
Portfolio News, published by Portfolio Assessment
Clearinghouse, do San Dieguito Union High School
District, Encinitas, Calif. ".

1. Asa teaching tool '
to provide students ownership, Motivation; a ..

sense of accomplishment, and participation.
to involve students in a process of self-evaluation
to help students and teachers set goals

to build in time for reflection about students' ac-
complishments
to aid in parent conferences
2. Professional development of teachers
to study curriculum and effective teaching

practices
to allow for better staff communication

to reduce the paper load
to identify school strengths and needs for
improvement

to build a sequence in writing instruction
3. Assessmentto serve as an alternative to standardized testing
to serve as a college application and high school

placement vehicle
to replace competency exams

to serve as a grade or end-of-year culminating
activity

to provide program evaluation
to supplement or substitute for state assessment
tests

4. Research
to examine growth over time and progress in

students' writing
to look at the revision process.

educational intervention
and a decent assessment
program."

Koretz also says it's im-
4 portant for school districts
-4 that opt for portfolio as-

sessment to put in place a
means for assessing the
program. -People ought to
have realistic expectations
about how quickly [imple-
menting a portfolio sys-

! teml can be done and how
it will come out the first
time," he says. "A lot of
people around the country
have unrealistic expecta-
tions."

:4

Making way for portfolios

Before moving toward the
use of portfolios, other re-
searchers agree, teachers
must first think through
their reasons for using this
alternative assessment ap-
proach. Do they want to
improve curriculum and
teaching, or to assess stu-
dent workor perhaps
both? (See the box on this
page for a list of possible
purposes for portfolios.)

Teachers also must de-
fine exactly what they
mean by portfolios. Judith
Arter defines a portfolio as
"a purposeful collection
of student work that ex-

, hibits to the student and
others effort, progress, or

achievement in a given area or areas." F. Leon Paulson
and Pearl R. Paulson emphasize process over product
in their definition: "A portfolio is a carefully crafted por-
trait of what someone knows or can do." Teachers
might find someone else's definition suitable, or they
might choose to write their own.

Then there are the nitty-gritty decisions. What should
be included in a portfolio? Who should select the con-
tents? Should a portfolio reflect only a student's best
work, or should it represent a spectrum of accomplish-
ments and efforts? Should bulky items (such as science
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projects) be considered? What should the school keep
for its permanent records? How should teachers corn-
municate students' achievement to parents? How should
teachers evaluate portfolios? What ocher kinds of assess-
ment should be used. if any?

Anse ers to some of these questions can be found in
research. Judith After notes that portfolio contents
should be chosen according to their purpose. She finds
that, in general. teachers either require certain items
from each student or, with students, choose samples of
work that reflect growth and development in a specific
subiect area.

F. Leon Paulson and Pearl R. Paulson find portfolios
should be more than just collections of students' work.
Portfolios. they say, ought to include students' narra-
tives about how they produced the contents and about
what they learned. Students' written reflections about
their learning might be among the most valuable pieces
in the portfolios, these researchers say.

The Paulsons maintain that -students own their port-
folios," so theynot teachersshould create their col-
lections and review their selections. They suggest that
portfolios should tell a students story, and anything
that helps tell that story could be includedclassroom
assignments. finished or rough drafts. work students de-
velop specifically for the portfolio to show their inter-
ests and abilities. self-reflections. and observations and
comments by teachers or parents.

In her report. Sharon Althouse provides diagrams to
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guide teachers, students, and parents as they choose
items for students' reading and writing portfolios. (Alt-
house's study found that teachers and students most
often selected writing samples for portfolios.)

California math teacher Pam Knight encourages her
algebra students to choose from their semester's worth
of classwork and homework to construct well-balanced
portfolios. Knight's students are likely to include long-
term projects, daily notes. journal entries about difficult
test problems. scale drawings, best and worst tests, and
homework samples.

In some remedial programs. students design portfo-
lios that align with their individual education plans. In
Pennsylvania's Eastern Lancaster County School District.
for example. teachers first identify two or three goals
for each student in Chapter 1 reading and math. (Stu-
dents may add goals of their own.) Portfolios are likely
to include written compositions. records of books read,
examples of drafts and revisions of written work, sam-
ples of math processes and problems. and original math
story problems.

Teachers and researchers also report successful ven-
tures using portfolios with high school science and so-
cial studies students. Missouri teachers use computer
portfolios to capture their fifth-graders' reading
progress. In Wyoming, elementary students use laser
disk technology to record their verbal ability, physical
accomplishments, artistic achievement, and self-assur-
ance. Lorraine Valdez Pierce and J. Michael O'Malley



describe how elementary and middle school students
learning English as a second language use portfolios to
show oral language and reading skills.

Other concerns

Time and grades are among the other issues to consider
before going ahead with portfolios. Managing portfolios
takes time, that precious classroom commodity. But, re-
searchers report, teachers who change from traditional
assessment to portfolio assessment are more likely to
manage their time without frustration if they change
teaching styles at the same time. Rather than continu-
ously assigning and grading workbook lessons, teachers
should prompt students to learn through writing and
exchanging ideas. Teachers
can more efficiently and ef-
fectively guide instruction
through cooperative learn-
ing groups. And teachers
should hold conferences
with their students to rein-
force and motivate their
learning and, when neces-
sary, to reteach prerequisite
skills.

Then there's the sticky
issue of grades. How can
teachers assign unit grades
or report card grades (usu-
ally required by the district
office, and perhaps by the
state education depart-
ment) when they're assess-
ing students' portfolios for
effort, progress, and insight
as well for as specific
achievement? Some districts
are experimenting with
new kinds of report cardsusing checklists and narra-
tives, for examplethat more closely reflect their new
assessments.

It's imperative that teachers inform and educate stu-
dents and parents about new grading systems. Even
when they're pleased with their portfolios and their
teachers' comments, some students demand familiar let-
ter gradesespecially when they're accustomed to
earning A's and B's. Sometimes parents give portfolio
assessment systems cool receptions because they don't
understand the new evaluation reports. They might pre-
fer their children's report cards to look just like the
ones they used to bring home from school.

It's important to discuss a new portfolio assessment
system with students and parents. In Sharon Althouse's
Pennsylvania pilot project, students doubted their par-
ents would understand the portfolios, even when teach-
ers enclosed letters explaining the new assessment
plan. And, Althouse reports, students often changed the
contents of their portfolios when they knew their par-
ents would examine their selections. Though parents
expressed appreciation and approval of the portfolio
system. they provided skimpy answers or no answers at
all to a short survey about the new method.

Finally, other considerations might arise. In high
schools, students and parents might object to portfolio
assessment on the grounds that college admissions of-
fices require grades and class rankings. And at any
grade level, serious questions remain about the objec-
tivity of portfolio assessment. Any program of portfolio
assessment must address the possibility that assess-
ments might be biased on the basis of race, sex, or cul-
tural orientation or overly generous so as to bolster stu-
dents' self-esteem.

A successful start

If your school or school district is considering using port-
folio assessments, what can you do to help the new ap-

proach succeed? You can
begin by setting agendas
for staff planning and staff
development. The North-
west Regional Educational
Laboratory (NWREL) pro-
poses tackling these topics:
purpose, curriculum and
instruction, content, assess-
ment, management and lo-
gistics, and staff develop-
ment. Specific questions to
discuss, NWREL researchers
say, include: What are the
purposes for using portfo-
lios? How will portfolios re-
flect the school's curricu-
lum? How must instruction
change to support portfolio
assessments? What is ac-
ceptable in a student port-
folio? Who owns the port-
folio, and who chooses the
contents? What other types

of student assessment will the school use? How will
portfolio assessments be coordinated among grade lev-
els? How will assessments be communicated to
parents?

You need to invest time and effort helping teachers
before they begin using portfolio assessments, but you
also need to offer support to teachers who might en-
counter problems after they've started up their new sys-
tem. Peer coachingpairing teachers who are reluctant
or uneasy about using student portfolios with teachers
who easily are incorporating the new method in their
classroomsmight help teachers who want to throw in
the towel and return to traditional testing alone. Work-
shops at which teachers examine models and then
work out their own plans can also help get portfolio as-
sessments off to a smooth start.

It's a long and often rocky road to institutionalize
any innovation in education. Even when teachers are
eager to accept a new plan, you can bet the process
will be one of fits and starts. When it comes to devel-
oping portfolio assessments, you II need to encourage
teachers not to give up when they face difficult issues.
But you'll also have to remind themand yourselfto
go slow with this new approach to assessment. (B
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Assessing the Outcomes of
Computer-Based Instruction:
The Experience of Maryland

by DR. GITA Z. WILDER, Research Scientist
and MARY FOWLES, Senior Examiner

Educational Testing Service
Princeton, N.J.

As computers have been introduced
more widely into schools, teachers
and school administrators have
been called upon increasingly to

justify the expenditures for hardware and
software. Typically, school boards and taxpay-
ers have demanded evidence that computers
are making a difference, usually in student
achievement and most often measured by
scores on standardized tests.

Such demands take little account of the
actual conditions that mark the implementa-
tion of technology in schools. These include
the fact that implementation is a process that
proceeds over a period of several years; that
computers are used in a wide variety of ways
by teachers and schools and for a range of
purposes; and that the widespread use of in-
structional computing is too new to have been
supported by a systematic body of research
about what does and does not "work." More-
over, many schools and districts have only
loosely specified objectives for the technolo-
gies that they adopt.

This paper describes one effort by several
school districts to assess the effects of intro-
ducing computers into schools. The effort
spanned a three-year period. At the end of the
three years, all of the participants agreed their
work had only just begun.

The Sites
In 1988, the Potomac Edison Company, the

utilities company that serves three counties in
western Maryland, initiated a program
through which the firm donated computers
and educational software to schools in the
areas it serves. From the outset, one key
project goal was to demonstrate the potential
benefits of technology for education.

Potomac Edison provides hardware (net-
worked computers, typically), software and
training; the schools develop a plan for using
the technology and provide release time for
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teachers to participate in training.
Staff members Mary Fowles and Gita

Wilder of Educational Testing Service (ETS)
worked with Barbara Reeves and Patricia
Mullinex of the Maryland State Department of
Education (MSDE), officials of Potomac
Edison and with members of an Evaluation
Committee of the larger project to develop a
plan for evaluating this effort to introduce
technology into the schools.

I The Challenge
Each district (and sometimes each school

within a district) developed its own plan for
using the technology. Moreover, the comput-
ers were utilized by different districts and/or
schools for very different instructional pur-
poses. Thus, a uniform evaluation plan
seemed out of the question.

As a result, the first year of the project was
spent in a series of planning sessions that in-
volved school and district administrators in
addition to representatives of Potomac Edison
and MSDE. The group agreed the task of
evaluating so diffuse a "treatment" was be-
yond the reach of any conventional program-
evaluation design. At the same time, it was
also acknowledged that some form of account-
ability was called for, and that standardized
test results, although judged as inappropriate,
would have to be the default measure should
the group fail to devise its own approach to
evaluation.

There were, moreover, several levels of
"outcome," each with its own set of questions
about the effects of computer use on indi-
vidual students, on teachers and classrooms,
and on schools. The broadest forms of the
questions were, how does the introduction of
computers into schools affect the learning
process for students, the instructional process
of teachers, the classroom process for both
students and teachers, and the organizational
processes of schools?



The Evaluation Process
The group reviewed (and agreed to incor-

porate) a set of questionnaires developed by
the MSDE for use in a statewide evaluation of
computer use. At the same time, there was a
strongly felt need to collect data that reflected
the specific activities and goals of the Potomac
Edison project. By the end of the first year, it
had become clear that the teachers who were
using the technology were the most appropri-
ate participants in any effort to document the
accomplishments of the project.

The New Assessment Measures Committee
of the Maryland Education Project first met in
winter 1990 to devise an overall strategy for
data collection. Because most of the computers
had been installed in elementary schools, the
committee was made up mainly of elementary
school teachers, administrators and computer
coordinators.

Work Samples as a First Step
The first meeting of the group was devoted

to defining the task and to general discussion
of performance assessment as a potentially
fruitful approach to this new area of student
progress. Members of the committee agreed,
at the close of the first meeting, to devote the
spring semester to collecting samples of their
students' work that appeared to demonstrate
the unique contributions of the computer to
the learning process. Each teacher identified a
set of computer-based assignments that might
yield appropriate work samples from his or
her class. Although general guidelines for the
collection of such samples were provided, the
process was purposely left somewhat open-
ended so that particularly innovative and
creative work could be included even if it
failed to conform to the guidelines.

In organizing their samples for presenta-
tion, committee members were instructed to
provide a context for each sample:

the configuration of hardware and
software with which each sample had been
generated;

the class and subject area from which the
sample came;

the assignment that resulted in the work
sampled;

the ability level(s) of the students whose
work had been sampled;

what the work sample demonstrated
about the student's learning; and

the feasibility of this as a model or
prototype assignment for other classes.

At the second meeting of the committee,
participating teachers brought work samples
and supplied information about the contexts
in which they had been generated. What was
immediately apparent was the range of cir-
cumstances within which the teachers worked
(from labs of 15 or more computers through
single computers shared by four teachers), and
the variety of solutions they had applied to
their particular circumstances.

The work samples were a rich source of
inspiration. They ranged from "books" of
writings produced by individual first-grade
students through documentation and the out-
come of a class project to assign addresses to
all of the houses in a small town that had pre-
viously lacked a system of addresses.

The most common application among the
committee members was word processing;
numerous examples of student work were
provided that illustrated and explained how
students engaged in the writing process. The
second most common application was the
organization and presentation of information
from diverse sources, often facilitating com-
plex problem-solving that could not have
taken place without the computer. A third was
math drill-and-practice as a way to support
classroom instruction.

In the lengthy discussion that followed
presentation and review of the samples, teach-
ers talked about the ways in which the tech-
nology had enhanced teaching and learning.
This discussion revealed that the benefits
teachers perceived from their own and stu-
dents' involvement with the computers clus-
tered into a limited number of categories.
These categories, called "domains" for pur-
poses of this study, were further discussed
and refined by the committee in a subsequent
meeting.

Identification of Domains
In their discussion of the effects of the use

of technology in their classrooms, the teachers
were instructed to focus on areas in which the
computer appeared to be making a real differ-
ence in instruction, rather than offering an
alternative medium for "usual" classroom
activities. The distinction is best illustrated by
using the writing process as an example.

Many teachers reported leading their stu-
dents through the writing process. Most
agreed that the unique contributions of the
computer to the writing process revolved
around the capacity of the computer for mak-
ing revisions easy and visible, and for creating
products that increased students' pride in
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their products and interest in reading the writ-
ing of others. Because of the computer, the
quality of the students' writing improved,
more people were interested in reading it, and
communication became more effective.

From the general discussion of the domains
emerged a more specific list on which to focus
data collection activities of the coming year.
The domains so identified included:

use of the writing process (referring to the
many ways in which the computer illumi-
nates the writing process and makes it
easier for students to write and become
both proficient and prolific in writing);

production and performance for purposes
of communication;

integration of reading and writing;
gathering, integrating, analyzing and

using information;
solving complex problems;
adapting instruction to the needs of

individual students;
motivation (to engage in learning);
efficiency, productivity and quality of the

teaching /learning process;
application/generalization (referring to

spontaneous transfer of learning from one
area to another on the part of students); and

comfort and competence with technology.
These domains were not mutually exclu-

sive, nor were they intended to be. Their func-
tion was to guide collection of work samples
that would offer evidence of the domains in
question. Any given sample might offer evi-
dence of several domains at once.

Framework
The group then devised a plan for collect-

ing work samples more systematically during
the 1991 school year. Each committee member
selected specific domains in which to concen-
trate data collection activities, identified one
or more work samples collected as evidence of
learning in the designated domain(s), and
developed a unique plan of data collection.

From the work samples, a framework for
assessing student progress had to be created.
Following a (school) year of data collection,
the committee re-assembled to consider the
work samples and re-consider the domains.
Although some domains proved more fruitful
than others in the ease with which appropriate
work samples could be provided, the range
and variety of samples was most impressive.

Working in small groups, each of which
focused on a sub-set of the domains, commit-
tee members reviewed work samples from the
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perspective of the evidence each provided
about the level of competence demonstrated
by students (and often teachers) in the domain
in question.

The results of this process were a set of
scaled indicators of performance within spe-
cific domains that might be used to assess
progress in the application and use of technol-
ogy. Teacher and student progress were de-
scribed separately. And, by agreement of the
committee, each set of indicators included a
"top performance" rating that transcends the
highest level demonstrated in any of the work
samples. This rating reflects the committee's
recognition that new technology and new
applications thereof proceed at a rate that
cannot possibly be anticipated. The transcen-
dent rating allows for the incorporation of
unforeseen, creative uses of the technology.

The ratings exist as a set of matrixes that
describe and provide examples of graded
performance using technology within a speci-
fied set of domains. The committee agreed
that development of the matrixes is only the
first step in an active process that will involve
others outside of the committee. Committee
members plan to apply the matrixes in their
own classrooms, schools and districts. Staff
members from the MSDE are disseminating
the matrixes and inviting reaction from a
wider set of schools and districts within the
state. And readers are encouraged to contact
the authors, or the Maryland Education
Project at the address below, to obtain copies
for their own use.

Undoubtedly, the matrixes will be revised
with time and use. Yet all agreed that they,
and the process that produced them, were
invaluable alternatives to the use of standard-
ized test results to assess the effects of imple-
menting technology in schools.

For more information or copies of the matrixes:
Educational Testing Service
Attn: G. Wilder or M. Fowles
Rosedale Road
Princeton, NJ 08541-0001

Gita Wilder is a research scientist in the Division of Education
Policy Research at Educational Testing Service and director of a
program of research on the organizational context for change.
The focus of that research is school change engendered by the
implementation of technology.

Mary Fowles is a senior examiner in the Humanities Group,
Test Development Division, for School and Higher Education
Programs at Educational Testing Service. Her work includes
the development of assessment measures in literature and
writing. Most recently, she has collaborated with several school
systems and states in the development of portfolio assessments
for use in a variety of subject areas.
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Why Standards May Not
Improve Schools
............
Elliot W. Eisner

If we value student work
that displays ingenuity and
complexity, we must look
beyond "standards"
for evidence of achievement.

Few ideas are more central to the
educational reform movement
currently underway in America
than that of standards. Virtually
everyone thinks we need them

and that efforts to improve our schools
will certainly fail unless standards can
be developed and made public. Stan-
dards will provide both targets and
incentives. Students will know what to
aim for; teachers will understand how
effective they have been; and, perhaps
most important, the public will know
how well schools are succeeding.

Amidst the enthusiasm, neverthe-
less, an undercurrent suggests that
standards may not be the answer and
that the concept itself may impede the
realization of the vision of education
that many educators hold.

At the outset, we should acknowl-
edge that the term "standards" has
multiple meanings. Standards can
refer to those targets at which one
aims. Standards can serve as icons
against which student performance is
compared. The term "standard" can
also refer to something that is
common or typical. Standards are
sometimes used in relation to a rite of
passage that provides access to future
opportunities. For example. "He has
met the standards we have set and is
now able to practice medicine."

In addition to these conceptions,
standards, as Dewey pointed out in Art
as Experience. are units of measure-
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ment.' We have a standard unit of
measurement we call ounces, another
we call pounds, and still others called
inches, feet, miles, kilometers, and
statute miles. All of these standards
are socially defined units that quantify
qualities: What we experience as
height, we can transform into feet and
inches. What we experience as heat,
we can transform into temperature.

There is, of course, a fundamental
difference between the experience of
heat or height and their description
through standards we call centigrade
or inches. Knowing heat as an experi-
ence is not like knowing heat as
temperature. Thus, one important

We seek work that
displays ingenuity,
complexity, and
the student's
personal signature.

feature of a standard as a unit of
measurement is that it functions as a
symbol that possesses none of the
qualities of what it has measured.

Another feature of standards, and
this feature is crucial from an educa-
tional perspective, is that, as a unit of
measurement, a standard is a vehicle
for describing, rather than appraising,
a set of qualities. When we apply stan-
dards in Dewey's terms, we get
answers to questions that pertain to
matters of amount. Yet what we want
regarding the outcomes of our
teaching are not simply matters of
amount but matters of goodness. We
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want to achieve, or help students
achieve, what we or they value.

Given this latter conception, stan-
dards by themselves will never be
adequate for determining whether
what a student has done or under-
stands is of value. To determine
matters of value, we need something
more.

Criteria, Not Standards
The something more we need are
criteria. Criteria facilitate the search
for qualities we value within an essay,
-a scientific experiment, a painting, a
work of history, and the like. These
works, Dewey argues and I concur, are
not susceptible to measurement by
standards, although they are amenable
to appraisal by criteria.

Having said that, it should be
acknowledged that once a standard is
assigned a value, it can be applied to
those forms of performance or prod-
ucts for which there is a fixed correct
answer. With a standard, we simply
lay down the appropriate unit and
count the correctness or incorrectness
of the responses. We can apply stan-
dards to spelling and to arithmetic. We
can apply standards to most forms of
punctuation and to the determination
of standard grammatical usage. While
the application of standards to such
topics is useful and efficient, standards
do not represent the most important
ends we seek in education. What we
value in education is not simply
teaching children to replicate known
answers or to mimic conventional
forms. We seek work that displays
ingenuity, complexity, and the
student's personal signature. In short,
we seek work that displays the
student's intelligent judgment. Work
of this kind requires that we also exer-



cise judgment in appraising its value.
This judgment depends, I am

arguing, on the availability of criteria.
The application of criteria requires the
exercise of judgment, the ability to
provide reasons for the judgments we
make, and an understanding of which
criteria are relevant to the genre of the
work. Applying criteria is a much
more complicated and intellectual
enterprise than applying a standard.
Hence, when we talk about using stan-
dards as a lever for educational
reform, we grossly oversimplify what
is required.

The problem of assessment,
however, is considerably more
complicated than the distinction
between standards and criteria that I
have just drawn. Within the context of
schooling, teachers doand indeed
they ought totake into account not
only the qualities of the student's work
but other considerations that pertain to
the individual student. Experienced
and skilled teachers know that when
they appraise a student's work, they
need to consider where that student
started, the amount of practice and
effort expended, the student's age and
developmental level, and the extent to
which his or her current work displays
progress. Although such considera-
tions are not particularly relevant for
appraising the work of professionals.
they are relevant for appraising the
educational development of the
student.

But even if we were to consider
only the student's work, we would still
have the problem of determining how
standardseven when they are rele-
vant to the workshould be derived.
Should standards be derived from the
performance of the particular popula-
tion of students from which a student

I do not value
schools that
regard children as
an army marching
toward fixed and
uniform goals.

comes or from the school district as a
whole, the state, the region of the
country, or the nation? Should stan-
dards be formulated from the perfor-
mance of students in suburbs or inner
cities? From those in the 50th
percentile or in the 75th? Is it fair to
have the same standards for all
students when we know that some
students come to school without
breakfast while others are driven to
school in expensive automobiles?
Should we employ the same standards
in schools that barely have enough
resources to open their doors while
others are the educational equivalent
of Neiman Marcus? Just what is
appropriate, and just what is fair?

Furthermore, what do we do with
the information after the standards
have been applied? Will we know
what needs to be done by examining
the performance of students in relation
to fixed standards?

It is characteristic of our culture,
and particularly our attitude towards
education, to seek some magic wand.
some golden lever, that we can
employ to make things right. I do not
argue here that our schools are in good
shape. Some schools are wonderful,
many schools are dreadful, and most
schools, from my perspective, need to
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generate a much greater sense of intel-
lectual vitality and challenge than they
now possess. I cannot help but wonder
whether this emphasis on standards is
likely to move schools in the direction
that I value. I do not value schools that
regard children as an army marching
toward fixed and uniform goals. Stan-
dardization is already too pervasive in
our culture. We need to celebrate
diversity and to cultivate the idiosyn-
cratic aptitudes our students possess.
Certainly, an array of common
learning is appropriate for almost all
students in our schools, but the preoc-
cupation with uniform standards,
common national goals, curriculums,
achievement tests, and report cards
rings in a theme that gives me pause. I
believe we would do far better to pay
more attention to the quality of our
workplace and to the character of our
teaching than to display such preoccu-
pations with standards. If we can
create schools that excite both teachers
and students and provide the condi-
tions that improve the quality of
teaching, we will do much to create
schools that genuinely educate.

The current emphasis on standards
will provide no panacea in education.
Paying close attention to how we
teach and building institutions that
make it possible for teachers to
continue to grow as professionals may
be much more effective educationally
than trying to determine through stan-
dard means whether or not our
students measure up.

'J. Dewey, (1934), An as Experience.
(New York: Minton Balch and Company).

Elliot W. Eisner is Professor of Education
and Art, School or Education, Stanford
University, Stanford, CA 94305-3096.
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In looking closely at what is happening in Rhode Island, Mr. Maeroff notes,
it is possible to get a preview of the satisfactions and ft.:is:rations that may spread

as the movement toward large-scale alternative assessment mushrooms. -

. . .

BY GENE I. MAER6FF -

, a tiny third-grader in a red
sweatshirt, was sitting in an adult-
sized chair, balancing on the edge of
the seat as he listened intently to the

woman across the table telling him that she was go-
ing to ask him about one of the several books that
he had read recently. "If you know the questions I'm
going to ask, it may help you decide which book you
want to discuss," she said, going on to list the sub-
jects of the questions. "I will want to know about the

GENE 1. MAEROFF is a senior fellow at the Carnegie
Foundation for the Advancement of Teaching, Prince-
ton, N.J., and author of The School-Smart Parent (Henry
Hol t, 1990).
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main part of the story, the main characters, the set-.
ting, the ending, and the major conflict or problem."

And so it was that William, aware in advance of
what he would be asked, decided to answer ques-
tions about a biography of Marco Polo that he had
read not long before. What ensued between child and
adult resembled an informal conversation more than
the assessment that it actually was. "They go quite
a bit by camel through the desert," William said of
the setting as he answered the questions, one by one.
"He lived in Venice, and they were going to trade
some things from Italy for some better things. A war
broke out, and so they decided to go to China and
stayed there.:mu

Riaarvairs by Kay Saloa



For all its attractiveness, alternative assessment
is fraught with complications and difficulties.

"Does it end in China?" William was asked.
"No," he answered. "After 17 years he decided to go home

and left on a fleet of Chinese junks. When Marco Polo got
back to Italy, no one believed him, so they put him in prison.
He wrote a book about it, and years later Christopher Colum-
bus read it."

This encounter was an assessment of William's reading, and
the only paper and pencil in evidence were in the hands of
the adult who was questioning him and taking notes on his
responses. None of the questions had
multiple-choice or true-or-false answers,
and nothing about this reading examina-
tion was norm-referenced or nationally
standardized. It was an alternative assess-
ment, which included the individual in-
terview about the book on Marco Polo
and a review of a portfolio containing
samples of William's work. Later, with
another assessor, William would be as-
sessed on other tasks, participating in a
small group in which he would be asked
to read and discuss a different story and
to write about it.

Alternative assessments of this sort
typify a movement that is capturing the
imagination of educators across the coun-
try. Good teachers have historically used
such methods to monitor the progress of
their students, but now these approaches
are being extended beyond individual classrooms to pose a
challenge to traditional ways of mass testing. However, large-
scale alternative assessment is still talked about more than it
is used, and William's experience in his school in South Kings-
town, Rhode Island, represents one of the early efforts by a
state to develop a system of alternative assessments in its
elementary schools.

Other states notably California, Connecticut, Kentucky,
and Vermont as well as some school systems and individu-
al schools are at various stages in this gentle upheaval that
proponents hope will alter the way Americans think about
evaluating schoolwork. Altogether, 40 states are planning some
form of alternative assessment at the state level, with writing
samples as the most common alternative)

Rhode Island's pilot project, which began in 1989, is still
inchoate as a small number of third-grade teachers in four
school districts around the state collaborate with officials from
the state education department and a researcher from the
Educational Testing Service (ETS). Together they are strug-
gling to devise methods of assessing students that can provide
useful information while avoiding the shortcomings associat-
ed with norm-referenced tests. In looking closely at what is
happening in Rhode Island, it is possible to get a preview of
the satisfactions and frustrations that may spread as the move-
ment mushrooms.

Those pursuing change in Rhode Island are continually ad-
ministering and revising the pilot assessments, striving to cre-
ate a framework for instruments that eventually might be used
in schools throughout the state at various grade levels. They
hope to forge a synergy of instruction and assessment in which
each complements the other to raise learning to new levels.
This approach allows a child to know in advance as Wil-
liam did what will be asked. The goal is not to spring sur-
prises on students and catch them unawares; unlike the usual

mode of testing, this is no "gotcha" game.
The students, under the tutelage of their
teachers, are trained to provide evidence
of their own learning.

The original charge to the pilot group
in Rhode Island was to try to determine
how the state's "Outcomes for Third -
Graders" might be measured through the
use of portfolios. This goal, which fits
comfortably within the nation's alterna-
tive assessment movement, has extend-
ed beyond portfolios to include other pos-
sibilities, such as performance tasks and
group interviews, and it embraces out-
comes in reading, writing, speaking, lis-
tening, and mathematics.

Schools presumably are doing their job
if students learn something that is deemed
worth knowing. This kind of assessment
does not drive the curriculum; it grows

out of the curriculum and is part and parcel of the curricu-
lum. Such a philosophy is widely accepted at the elementary
and secondary levels in the performing and studio arts, in ath-
letics, and even in vocational education. But it is not readily
accepted in formal academics. Think, for instance, how long
it was before test-makers asked students to produce essays in
order to demonstrate their writing skills instead of giving them
tests with questions about writing.

A young pianist who is asked to master Beethoven's "Ftir
Elise" becomes proficient by practicing the piece, knowing
all the while that his examination will consist of playing it.
A nonswimmer who is told that the measure of her ability to
swim will be the completion of one lap of the pool endeavors
to swim with full knowledge of the form the assessment will
take. Being able to play Beethoven or to swim a lap of
the pool is presumably indicative of the ability to play some
other composition of equal difficulty or to swim a similar dis-
tance on another occasion.

Speed and low
cost were the silver
bullets that enabled

norm-referenced tests
to carry the day.
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yET, FOR all its attractiveness, alternative assessment
is fraught with complications and difficulties, not un-
like having to endure life with a teenager as the price
for the joys of parenthood. If they are to be used

widely or even as supplements to nationally standardized,



norm-referenced tests, these new assessments will have to be
done more quickly, more efficiently, and less expensively than
at first seems possible.

As experimenters in Rhode Island and elsewhere are dis-
covering, the quest for alternative forms of mass testing could
remain as elusive as Don Quixote's dream. The schools seem
unable even to broker the logical marriage of alternative as-
sessment and technology; they treat the two as if they dwelt
on separate planets. For example, in elementary and second-
ary education, how often do we hear of alternative assessment
that involves the manipulation of computer models or simula-
tions?

Furthermore, there must be standardization of some sort,
as Rhode Island hopes to achieve. Otherwise, there is no way
to put the findings of an assessment in context. Even in Ken-
tucky, which by 1995 is to have the first statewide assessment
system that is completely based on performance, there is an-
guish over how to meet the state board's mandate that there
be a way of comparing Kentucky students with those in other
states.

Speed and low cost were the silver bullets that enabled the
norm-referenced test with its multiple-choice responses
to conquer the world of education and hold it in thrall. Mean-
while, alternative assessment, which is not so new an idea as
some people think, tends to be a time-consuming, labor-
intensive, imprecise exercise in which the expense mounts as
nuances are weighed and scoring is done by humans, without
even the benefit of grids that fit conveniently over answer
sheets studded with blacked-in boxes.

On the other hand, there is the potential for teasing con-
siderable consensus from an approach that seems at first to
be hopelessly subjective. Consider the competition in such
sports as diving and figure skating, in which experts have de-
veloped scoring criteria that are so extensively accepted around
the world that judges find a re-
markable level of concurrence.
Some of the best work in assess-
ing writing samples mirrors this
sort of agreement on relevant
criteria.

While it may be possible to be
systematic about alternative as-
sessment, there are ultimately no
quick and easy ways to rate large
numbers of performance-based
tasks or portfolios or interviews
or exhibits or even essays. Amer-
ican proponents of alternative as-
sessment like to cite the example
of England as a country that has
used alternative assessments to
the exclusion of norm-referenced
and multiple-choice tests. That is
generally true, but until recently
it has mostly meant using essays
for external assessment. Only
lately has England made a large-
scale attempt to develop for ex-
ternal assessment such nonwriting

tasks as science experiments. Meanwhile, portfolios contain-
ing work done over time have been and will continue to be
used in England for assessment within the classroom, though
not for outside comparisons of students or for purposes of ac-
countability.

Measurement experts from around the U.S. who gathered
in California in March 1991 under the auspices of the federal
government's Center for Research on Evaluation, Standards,
and Student Testing commiserated over the difficulty of meet-
ing the rapidly escalating demands of policy makers for alter-
native assessment tools. They noted the time that it will take
to establish validity and reliability, the need to train teachers
in alternative assessment procedures, and the amount of time
needed to administer the examinations.2

Nonetheless, the pioneers in Rhode Island and other locales
like those who drove their Conestoga wagons into unfamiliar

territory steel themselves and press the journey forward,
intent on building an assessment system that is embedded in
instruction. They want an approach that attests to a student's
progress over time, something that figuratively resembles a
semester-length videotape rather than a Polaroid snapshot that,
like a one-shot test, captures only a single moment of a child's
learning.

The cynosure for each of five subject areas in Rhode Island
is a set of literacy outcomes for third-graders. One aim is to
assess outcomes in reading, writing, speaking, listening, and
mathematics both as individual subjects and in ways that
integrate them. The intention is that teachers will then teach
in this manner.

In this approach, assessment drives instruction, and instruc-
tion drives assessment, much the way the front and rear axles
impel one another in a vehicle with four-wheel drive. In es-
sence, the assessment task is part of the instruction. This no-
tion may be revolutionary for elementary and secondary edu-

cation, but in medical schools,
where clinical education is often
evaluated on the basis of perform-
ance tasks that may have an in-
structional component even dur-
ing the examination, it is accept-
ed practice.3 When assessment is
sheared off from instruction, as
is customary in the commercial-
ly produced examinations given
in the public schools, the findings
may not tell a great deal about
what students have learned from
their classroom experience.

One must wonder, therefore,
about the movement for 2 national
examination system that is hurry-
ing forward on several fronts. A
great deal is heard about various
plans to create tests that would be
given to students at, say, fourth,
eighth, and 12th grades. Yet these.
discussions are curiously reticent
about the curriculum on which
students are to be examined. Pre-52
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numbly, these tests will dictate the curriculum, a policy that
is anathema to proponents of alternative assessment. The con-
cern about widespread low achievement that is fueling the
movement for a national test is understandable. But wouldn't
it be more straightforward to decide what ought to be taught
and to teach it, instead of first administering tests and hoping
that they push the curriculum in the right direction?

Perhaps circuitous routes are chosen because the challenge
of unifying teaching and assessment is so daunting. Assess-
ment that is authentically embedded in instruction is not easy
to fashion. This is no Operation Desert Storm. There are no
smart bombs to wipe out specific problems, nor any flanking
maneuvers to avoid the tedious process of repeatedly refining
the assessment instruments. There is just the slow, mundane
reconnoitering to find and frame the best ways of eliciting the
most useful information. One can only hope that alternative
assessment is not rushed onto the battlefield of testing so hastily
as to produce in its unperfected form friendly fire that harms
the very children who are supposed to be the beneficiaries.

And the work doesn't stop with declaring, for example, that
students will submit portfolios. What should be in the portfo-
lios? What should students be asked about the contents of their
portfolios? How can some element of standardization be lent
to the process so that one student's portfolio may be compared
with another's? Putting less emphasis on comparisons is fine,
but at some point a child and his parents have a right to know
whether the child's progress is reasonable for his or her age
and experience.

THERE IS an inclination among proponents to regard
alternative assessment as suitable for all purposes
diagnosis, selection, and accountability at all levels.
It may be that an alternative assessment that is a

marvelous indicator of an individ-
ual child's academic progress will
prove fairly useless for other pur-
poses. Americans may have to de-
cide whether comparisons are what
they seek in alternative assessment
or whether they prefer to use the
approach for other, more individu-
alized purposes. Incidentally, the
very idea of comparing the prog-
ress of young children is seldom
embraced in Europe, where the
practice is generally nor to test stu-
dents in the primary years. But
America is different.

Thus, one crisp New England
morning at South Road Elemen-
tary School, little William and
some of his classmates played
guinea pigs for the assessment de-
velopers, who had situated them-
selves at three separate sites in the
school. It was part of a continu-
ing process of refinement that has
continued through this fall.
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Grant Wiggins reminds us that the root of the word assess-
ment means to "sit with" a learner and seek to be sure that
a student's responses really mean what they seem to mean.
He adds: 'Does a correct answer mask thoughtless recall? Does
a wrong answer obscure thoughtful understanding? We can
know for sure by asking further questions, by seeking explana-
tion or substantiation, by requesting a self-assessment, or by
soliciting the student's response to the assessment. 4

Next door to the conference room in which William met
with his assessor, Mary Fowles of ETS, four other third-
graders wearing name tags sat at a table with Susan Skawin-
ski of the state department of education. She was also carry-
ing out a pilot assessment, talking about a story that they had
read and were going to write about. The idea at this point was
not so much to assess the children's learning as to assess the
assessment itself. Eventually, classroom teachers are to be the
assessors of their own students. And when this happens, they
will need a fully developed instrument.

This was a group interview in which Skawinski would as-
sess each student's understanding of literature by having him
or her discuss and write about what had been read. "Fm going
to talk to you about something you've done, and rm going to
talk to you about reading," Skawinski said to the three girls
and one boy who were gathered with her around the For-
mica-topped table.

"In this story we have some very important characters," she
said, proceeding to list and discuss the characters in "The
Rooster Who Understood Japanese," a tale about a Japanese-
American family that owned a rooster whose crowing woke
a neighbor each morning. Their home was on the outskirts
of a city. Skawinski handed out copies of a "story map" to
the youngsters and, following its scheme, mentioned the
characters, the setting, the problem, the attempts to solve the
problem all of which had been briefly summarized on the

story map. She took notes on a
pad on her lap as the students
sometimes readily, sometimes re-
luctantly entered the conversa-
tion.

The box labeled "solution" was
blank on the story map, and the
children were asked to write in the
details of what had been done to
deal with the crowing of the roost-
er, named Mr. Lincoln. The stu-
dents were permitted to go back
and look at the story if they wished.
This, it turned out, was a warm-
up for the real task: the writing
assessment. Skawinski asked the
children to think about solutions
in addition to the one offered by
the author and prodded them to
discuss their ideas with the group.

"Tie a rope around his beak,"
suggested Rebecca; causing Kev-
in, sitting next to her, to look
crestfallen. He said that he had
had the same idea.
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"Send him to rooster obedience school," suggested Alicia.
And so it went as possible solutions to the conflict were pro-

posed and discussed. "Pick a solution you think makes the most
sense and write about it,' Skawinski said. "It can be your own
or someone else's that we talked about." In addition, the chil-
dren were asked to address two other questions about the story.
The following excerpts are part of what each third-grader
wrote:

"keep mr. licon in the dark because the moring he crows
in but not at night?

"I would put Mr. Lincoln in the dark so he would think it
was still night and wouldn't crow?

"talk to him in japaneas and then he will be quiete"
"Put him in a room when it's dark to make him feel that it's

still dark out side?

It took so long to complete the discussion and the writing
that, as she collected their papers, Skawinski told the children
that there would not be time for them to talk about their fa-
vorite books, which they had been asked to bring with them
to the assessment. "It was a laboriously slow process," she
said afterward. needed more time." Such complaints are fre-
quent in the piloting of alternative assessments because a cen-
tral problem is figuring out how to accomplish the assessment
in a manageable time period.

Furthermore, in this case, the assessor would still have
to devote time to sorting out the notes she took during the as-
sessment. "You can't actually mark the sheets in front of
the children," Skawinski remarked after the students had
left.

She noted discreetly on the pad that had been perched on
her lap throughout the interview the extent to which each child
seemed to bring background knowledge to the story ideas
about living arrangements in a city, an awareness that roosters
crow early in the morning, and so on. She noted their familiar-
ity with a story map as a way of setting out the structure of
the story. She also observed how long it took each child to
read the story silently and what responses each one had to ques-
tions about the story who had original ideas, who followed
the ideas of others, how well individual
students could go back and cite informa-
tion from the story to justify what they
were saying.

Mary Fowles of ETS expects that. as
the assessment is improved. there will be
less note-taking by the assessor. In the
pilot assessments, attention has been paid
to deciding what information is most im-
portant to gather about a student's reac-
tions and what kinds of evaluation forms
lend themselves to recording this infor-
mation. Theoretically, it is possible for
the evaluation form to be anything from
a check-off list to a sheet on which de-
tailed quotes from a discussion with a stu-
dent are recorded.

Assessing a portfolio might seem to be
a more straightforward job than assess-
ing students' performance in a group in-

terview, but the challenge is simply of a different sort. This
was illustrated in the trial assessment of mathematics portfolios al
that Mary Ann Snider, a testing and evaluation specialist with
tite state education department in Rhode Island, was conduct-
ing with students at a desk in the corridor outside their class-
room.

"Your teacher tells me you've been doing several things in
math that you might want to share with me," Snider said to
the first of the students, Nigel, as she began reviewing his math
portfolio with him after a bit of casual chatter. Nigel was eager
to talk and spoke enthusiastically about his work in conjunc-
tion with a medieval theme, used concurrently by many
teachers in his school as a means of teaching various subjects
in an interdisciplinary fashion. There had also been a school-
wide medieval festival for-which the classes had gathered en
masse..

Nigel showed Snider a pencil drawing he had made of in-
tricately linked chain mail, and they discussed what he had
learned about shapes by making the drawing. "What else did
you do with math in the medieval project?" Snider eventual-
ly asked. The emphasis in this part of the assessment was on
finding ways in which math had been integrated ;iito other
subjects, reflecting the goal of bringing about the interdis-
ciplinary teaching that the assessment is intended to rein-
force.

Nigel displayed a word puzzle that he had devised, using
vocabulary words associated with the medieval period, and
a separate math word problem that he had written on a medi-
eval theme. But the math problem he had created was so con-
voluted that even he could not solve it. Then he showed some
work that he had done on estimation. It called for counting
the number of bricks in one portion of a castle wall and es-
timating the number in the entire wall. Snider initiated a dis-
cussion of how the drawing of the castle might be used to study
shapes and asked Nigel to identify some of the shapes.

Moving beyond the contents of the portfolio and following
a written script so that the assessment would be systematic,
Snider posed a series of questions, some of which were more
successful than others in eliciting responses that could help

in assessing Nigel's understanding of
math: "What has been your favorite thing
to do in math this year?" "When you learn
something new in math, when cfo you
know that you understand it?" "Hai e any
of the new things you've learned in math
helped you outside of school?"

Finally, they reached the last part of
the assessment, the task that Nigel would
be asked to perform. A plastic bucket
filled to the brim with small, square,
colored tiles was put on the desk be-
tween them, and Snider held up a bag.

"I have something in this brown paper
bag, and I have a riddle so you can fig-
ure out what is in it," she said. will
give you some clues, and you can use
these tiles to figure it out. Here's the
first clue: there are fewer than 10 tiles
in the bag. What does that mean?"v4
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It is easier to propose outcomes than it is to
1110 set the criteria and establish performance levels.

"Less than 10."
"Does that mean I could hive 10 of theta in the bag?" Snider

asked.
"Yes . . . ," Nigel answered hesitantly. Then, upon a mo-

ment's reflection, he changed his answer.
The goal was for Nigel to take from the bucket and put onto

the desk tiles of the same number and color as the riddle indi-
cated were in the bag. He took nine tiles of various colors
from the bucket and spread them on the desk, now fairly cer-
tain that there could not be more than
nine in the bag.

"Clue 2: there are two colors in the
bag." And so it went, Nigel having to
modify the number or color of the tiles
in front of him in response to a series of
clues. When he thought he had solved the
problem, Snider gave him the bag so that
he could take out the tiles and see if the
number and color matched those he had
assembled on the desk.

"Now," Snider said, "I'd like you to
write a riddle for me using the tiles, and
I will try to solve it."

This was not a wholly satisfactory as-
sessment, according to Snider, who said
afterward that she wished Nigel had ac-
cumulated more math work in his port-
folio to reflect studies pursued more re-
cently than the medieval project, complet-
ed some six weeks earlier. Furthermore, she worried that the
warm-up period had not been adequate and that Nigel was not
sufficiently at ease during the assessment. "I saw emerging
evidence of understanding," she said. "He is logical but not
confident. He doesn't have enough math vocabulary, and he
has trouble talking about the work he did. He is not comfort-
able explaining. He remembered what estimation was, but he
could not say enough about it to show that he understood it."

ment. When Mark Twain Elementary School in Littleton.
Colorado, began moving into an assessment program that
would be based on the actual performances of students, a ma-
jor part of the effort was devoted to developing criteria for
scoring the performances. The criteria evolved through at least
10 stages, according to Monte Moses, the school's principal.
"Every time we gave the assessment, we saw some student
doing something we couldn't account for on the scoring rubric,
Moses said.

Students ought
to spend time think-
ing about questions

like those to be
asked by assessors.

S0 IT IS that Snider and the others who are piloting
Rhode Island's assessment are carrying out their work
in selected schools in East Providence, Glocester,
South Kingstown, and Newport. In each of the four

participating districts, a lead teacher acts as a liaison between
the project and other third-grade teachers in the district. One
aim of the project is to develop a format for reporting indica-
tors of a student's progress toward reaching the state's pro-
posed literacy outcomes. Most experts believe that the reports
should be more descriptive than just a row of numbers. But
the reports will include numbers, and the experts are striving
to determine what those numbers should represent.

This attempt to add meaning to the evaluative numbers can
be appreciated by examining what happened in a place that
preceded Rhode Island in the shift toward alternative assess-
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One part of an assignment at Mark
Twain, for example, calls for fifth-
graders to submit a written research re-
port. It is scored on a descending scale
of S to I. A report earns a S when it

clearly describes the question studied
and Fovides strong reasons for its im-
portance. Conclusions are clearly stat-
ed in a thoughtful manner. A variety
of facts, details, and examples are giv-
en to answer the question and provide
support for the answer. The writing is
engaging, organized. fluid, and very
readable. Sentence structure is varied,
and grammar, mechanics, and spelling
are consistently correct. Sources of in-
formation are noted and cited in an ap-
propriate way.

By comparison, a 3 is awarded to a written report when the
student

briefly describes the question and has written conclusions. An
answer is stated with a small amount of supporting informa-
tion. The writing has a basic organization although it is not
always clear and is sometimes difficult to follow. Sentence
structure and mechanics are generally correct with some weak-
nesses and errors. Reference: are mentioned, but without ade-
quate detail.'

The bottom line is that it is easier to propose outcomes than
it is to set the criteria and establish the performance levels
that are represented by various achievements. Moreover, if
students themselves are to take responsibility for their own
work, the criteria must be spelled out ;': ways that are under-
standable to children. Then the students can go about learn-
ing how to do what is expected of them. In general, it is desir-
able that a student spend time thinking about questions of the
type that will be asked on the assessment; those questions
should promote and direct the child's learning.

In Rhode Island, some individuals administering the pilot
assessments wondered after one of the pilot sessions how use-
ful it was, for instance, to ask a student, "When you learn
something new in math, when do you know that you under-



Despite England's considerable experience with alternative
assessment, her efforts have been marked by controversy.

stand it?" or "What was the hardest thing about reading for
you this year?" At each step of the Rhode Island project, the
evaluation is being fine-tuned, as it was at Mark Twain. Ques-
tions are dropped, added, or modified.

The way that assessment can enhance the learning of stu-
dents is illustrated in Rhode Island by the evaluation of speak-
ing ability. An evaluation form serves the twin purposes of
instruction and assessment. Proceeding on the assumption that
the best way to get students to reach the expected outcomes
is to familiarize them with the expectations, students see the
criteria by which they will be rated.

In fact, the children are asked to apply these criteria to one
another, using the same evaluation forms by which they will
be rated. In most cases, the speech to be rated is an oral presen-
tation of a book report. The student is supposed to be suffi-
ciently conversant with the book to be able to deliver the re-
port by referring to notes, not by reading a written text. One
teacher found that students were somewhat reluctant to fill out
the evaluation forms because they did not want to rate one
another, especially if it meant saying something negative about
a classmate. She encouraged them to think of the evaluation
as "helping one another." The assessment consists of the fol-
lowing questions, each of which is answered by circling a yes
or a no:

Did the student
speak so that everyone could hear?
finish sentences?
seem comfortable in front of the group?
give a good introduction?
seem well-informed about the topic?
explain ideas clearly?
stay on the topic?
give a good conclusion?
use effective costumes, pictures, or other materials to make

the presentation interesting?
give good answers to questions from the audience?6

After giving a report, a student has only to sort through the
evaluation sheets marked by classmates to discover what he
or she must do to improve. The crucial point here is that the
strands of instruction and assessment are so interwoven. The
Rhode Islanders are trying to help create classroom assign-
ments that both support the growth of students in the five speci-
fied literacy areas and prepare them for assessment, as the
evaluation form in speaking does. The most promising prac-
tices will be documented so that they may be shared among
the teachers.

THE DIFFICULTY of banishing the glitches from al-
ternative assessment may be sensed from a glimpse
at England's attempt to develop sets of "standard
assessment tasks" that are to be used nationally for

the first time in conjunction with the new national curricu-
lum. Despite England's considerable experience with alterna-

tive assessment, that nation's efforts have been marked by con-
troversy. One teacher told of his frustration in carrying out
the assessment in science for 7-year-olds last spring. He
said:

Close observation of the pupils was necessary throughout.
It was difficult deciding whether Dionne was counting with
her fingers under the table or mentally sorting through the num-
ber bonds that she genuinely knew. During discussion about
floating and sinking, it required considerable attention to as-
sess the pupils against the 13 states of attainment?

It took more than 35 minutes to test just four students on
the scientific floating exercises alone, according to this teacher,
and still the results were inconclusive. The proposed number
of tasks to be performed in England's national assessment has
been reduced by as much as two-thirds because the assess-
ment, as originally conceived, demanded too much time. Stu-
dents waiting to be assessed and those already assessed were
supposed to work on their own while the teacher was off in
a corner of the room assessing the,: classmates in small groups.
But after students ended up being left unsupervised for long
periods and sometimes disrupting classmates whowere be-
ing assessed some schools sought to scrape up money to
hire substitutes to oversee the classes while regular teachers
were conducting assessments. There is even talk now in Eng-
land of inserting some multiple-choice questions into the as-
sessments to speed up the process.

The matter of time is also on the minds of those developing
the alternatives in Rhode Island. One day, as they sat around
evaluating yet another pilot assessment, the assessors won-
dered whether they should continue to review portfolios only
in the presence of the students. "It might have been good to
have had five or 10 minutes with the portfolios before the stu-
dent walked into the room to discuss it," said one assessor,
raising the prospect of adding even more time to a job that
some believe lasts too long already.

Subsequently it was decided that each portfolio would be
reviewed briefly before the student arrived. This step would
not only increase the amount of time required for the assess-
ment but would also mean that the portfolios would have to
be more self-explanatory and more selectively assembled. In
preparation for this change in policy, teachers were to recon-
sider the kinds of pieces that should go into the portfolio so
as to reduce the amount of peripheral material. After all, a
portfolio should not be like a kitchen gadget drawer, so chock-
a-block with unrelated items that locating the corkscrew be-
comes a frustrating quest.

Among the sorts of writing to be weighed for inclusion in
the portfolio were: 1) a favorite piece of writing ofany genre,
2) a set of revisions showing the evolution of the writing proc-
ess, 3) a creative and/or informative piece that responds to
literature that the student has read, 4) a piece illustrating the
student's understanding in a particular content area, and 5) a
wild card that the student wants to include for whatever reason.
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Since the content of the portfolio depends on what has been
generated by assignments, the onus is on teachers to teach in
ways that lead students to produce samples of appropriate
work. At the same time, teachers must guide students in mak-
ing proper selections from the various pieces they have writ-
ten in each category, and they must prepare students to re-
spond to an assessor in ways that will help him or her make
a proper assessment. Ideally, the steps leading to an assess-
ment and the assessment itself will be a learning experience
for students.

This responsibility can be forbidding to a teacher unac-
customed to teaching in this manner. Judy Wood, a third-grade
teacher in Rhode Island, who is in her 28th and probably fi-
nal year of teaching, can now reflect on her participation in
the development of the alternative assessment with a little less
anxiety than she and her colleagues felt at the outset of the
project. She said:

At first, when they were asked to get involved, the teachers
thought they would be given something that had already been
completed. They were unary when they realized that they were
getting involved in something that was only in the develop-
ment stage. After a while, they understood that there was not
a finished product for them and that their input would count
and that there was a big, messy ingredient the papers that
were needed from the children for the portfolios. Finally, this
fall, we were organized enough to know what was needed and
to help the teachers in the first week or two of school so that
those who were interested in joining in could start getting the
folders going.

THE WAYS in which both learning and assessment
might not be fully served were illustrated in one of
the sessions in Rhode Island by a student who was
asked to show her best work. (There has been some

agonizing, incidentally, over possible differences in responses
when children are asked for their "best" work as opposed to
their "favorite" work.) She kept displaying examples from
the beginning of the school year,
although as a third-grader her
work had presumably improved
during the term. Difficulties arose
in assessing other students when
their math portfolios contained
only the final step in solving a
problem and showed little evi-
dence of how that point had been
reached.

In yet another instance, the as-
sessor's task was made more dif-
ficult by what was not contained
in a student's math portfolio. We
wrote some word problems with
circulars from Stop 'N' Shop,"
said the student, Stacy, reaching
into a folder and pulling out a list
of questions she had written us-
ing the grocery prices in an ac-
companying circular published by
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the store. One question asked, "If you had S8.99 and bought
Head & Shoulders, how much would you have left?" The read-
er had to find the price listed for the product in the circular
and then subtract it from the amount in Stacy's problem.

Stacy was asked why all her word problems involved only
subtraction. She said that there were some that called for ad-
dition, but she hadn't been able to find them. When asked about
her use of math in other subjects, Stacy pulled from her port-
folio pages of graphs that she had drawn comparing tempera-
tures on various dates in Rhode Island and Hawaii, apparent-
ly reflecting work in social studies. Stacy had nothing to show
when she was asked about what she had learned of division
and multiplication.

During their reviews of the pilot assessments, the assessors
questioned whether even the settings might have affected the
assessments, because some sessions were held in large rooms
where other assessments were also taking place, while others
were held in smaller rooms in which only one assessment at
a time took place.

Such concerns have arisen elsewhere. Researchers at Eng-
land's Bristol University who studied assessments of per-
formance tasks conducted last spring in 57 of the county's
primary schools wondered about the relationship of the set-
tings to the comparability of outcomes. In some instances,
students being assessed were regularly interrupted by com-
ments directed at them by classmates working elsewhere in
the room. At some other sites, the students being assessed
were the only ones in the room and had the full attention of
the assessors

Despite the existence of models on which to build, there
is clearly much about alternative assessment that remains
problematic. There are many hurdles that teachers must learn
to leap before they assume responsibility for external assess-
ment, as indeed they must if the activity is to be financially
viable.

Nor can it be taken for granted that teachers will easily shift
to alternative assessment. Many teachers do not fully under-
stand the intricacies of the kinds of examinations with which

they have been working until
now. Most states require no train-
ing in assessment as a part of
teacher certification and, "even
when assessment training is of-
fered to teachers, it typically
fails to provide the kinds of
knowledge and skills needed to
produce assessment literates."

There is promise in what has
been happening in such endeavors
as Arts PROPEL in Pittsburgh, a
program in which teachers of mu-
sic, of the visual arts, and of writ-
ing have been altering their teach-
ing to weave a blend of instruc-
tion and assessment that enables
both students and teachers to be
reflective throughout the process
of creation. But money from the
Rockefeller Foundation and ex-



pertise from Harvard University and from ETS have perhaps
made this venture easier to carry out than it might be in schools
without such financial and human resources on which to draw.

Mother matter is seldom mentioned. Those who have cit-
ed the need for equity in their rush toward alternative assess-
ment should recognize that students who score poorly on the
much-maligned norm-referenced tests with their multiple-
choice responses are not necessarily going to perform better
on the alternatives. In fact, there is reason to suspect that the
weakest students could look even worse though they may
avoid the embarrassment of being ranked and compared on
a numerical scale.

In England in the late 1980s, when the assessments that make
up the General Certificate of Secondary Education were
changed to put more emphasis on performance tasks (which
are assessed by classroom teachers) and less on written an-
swers, the gaps between the average scores of various ethnic
groups increased rather than narrowed. to While such findings
should not dampen the ardor of those eager to court alterna-
tive assessment, the suitors must nonetheless be realistic and
recognize that the bride has imperfections.

Then there are issues related to the significance of being
able to perform a given task. As I pointed out above, it seems
reasonable to let students know that they will be examined on
their ability to play a certain composition or execute a specif-
ic athletic feat. But what about when it is less clear that the
performance of the task is indicative of understanding that is
transferable and not merely the result of memorization that
barely outlasts the assessment?

For example, New York State has used the same tasks for
three years to assess the manipulative skills of fourth-graders
in science. Each year a new group of fourth-graders goes to
the same five testing stations as did fourth-graders the year
before, where their skills are assessed in: 1) recognizing the
physical properties of an object, 2) predicting, 3) inferring,
4) creating a classification system, and 5) writing a generaliza-
tion. The main reason why the
tasks and the equipment have
stayed the same for three years
changes are scheduled for 1992

is that making changes and
training teachers to conduct new
assessments are expensive.

Fourth-grade teachers through-
out New York know which tasks
are to be assessed, and there is
nothing to prevent them from
coaching their students for the
performance that occurs each
May. Douglas Reynolds, who
oversees this science assessment
for the state department of edu-
cation, said that the tasks such
as knowing how and when to use
a thermometer or a ruler or an
equal-arm balance are widely
transferable, and, even if children
practice them in advance, all they
are doing is learning what they

J8

ought to know. He was quick to add, though, "If we weren'
working on a shoestring and if I had an infinite pool ofitems.
and if I could go back and train people every year, then the
tasks would not be the same each year."

Worries of this sort are not unique to science tests for fourth-
graders. At medical schools using alternative assessments there
has been concern about the impact of discussions between stu-
dents who have taken the examinations and those who are wait-
ing to do so. This worry arose in connection with a lengthy
assessment that could accommodate only small numbers of stu-
dents at a time, as they took turns diagnosing mock patients
who simulated symptoms."

Expense and time may turn out to be the brakes on the al-
ternative assessment movement, both for the development of
instruments and for their use. But thumbing through a portfo-
lio with a student or watching a student perform a task what-
ever the psychometric worth of such assessments adds a
degree of intimacy that can be refreshing in an age of de-
personalized appraisal.

For instance, when the assessment in Rhode Island shifted
from little William's reading to his writing, he was asked to
show and discuss-the story he considered his best. Asked what
he found most troublesome about writing, William the proud
author of a story about a nobleman who has a feast for his
friends did not pause for a moment, issuing a response that
is universal in its simplicity for authors of all ages: "The.hardest
part is covering the blank pages." And so it goes with alterna-
tive assessment.

I. "Performance Assessments in the States: paper prepared by the Council
of Chief State School Officers for presentation to the Secretary's Commis-
sion on Achieving Necessary Skills, January 1991.
2. Robert Rothman, 'Supply of New Assessment Methods Said Trailing Be-
hind Strong Demand," Education Week, 20 March 1991, p. 11.
3. Vicki Kowlowitz et al., 'Implementing the Objective Structured Clinical
Examination in a Traditional Medical School: Academic Medicine, June 1991.
pp. 345-47.

4. Grant Wiggins, 'A True Test: Toward
More Authentic and Equitable Assess-
ment," Phi Delta Kappan, May 1989, p.
708.
5. "Fifth-Grade Research Performance
Assessment," Mark Twain Elementary
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of the Rhode Island Literacy Portfolio
Project, 1991.
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pp. 27942. CEO

DECEMBER 1991 281



Reprinted with permission from Elsbeth Bellemere, Curriculum Director,
Scarborough, Maine Public Schools.

ELSBETH
BELLEMERE

JEANNE KING

In my classroom there
are children ranging

in age from five to
eight years old. We
have no text books.
We have developed

sets of criteria which
a student must master

before he or she can
move on to the next

level.

Assessment Recordkeeping
in a Non-Graded
Developmentally-Based
Program

The Scarborough School System has adopted a policy calling
for 'Instructional Choices'. The policy reads, in part: 'Recog-
nizing the diversity of its students and their differing learning
styles, the Board shall strive to provide a variety of programs
designed to enhance learning.

To implement this policy, Scarborough has created a non-
graded, developmentally-based primary level program known
as the GOLD (Grouping for Optimal Learning Development)
Program. As its framework and as part of its assessment
process, the program relies heavily on Jean Piaget's principles
of cognitive development and the structure of thinking.

Jeanne King, who teaches at the Eight Corners
School, described the various components of her
assessment process:

'What's important about the Piagetian framework is that it
promotes matching the child to the curriculum. As a result, the
assessment becomes tied to that curriculum and what kids really
do. In the program, we have a three-year rotation of themes:
farm, forest, ocean community. We fit the science and social
studies and other concepts in where they are appropriate.

In my classroom there are children ranging in age from five
to eight years old. We have no text books. We have developed
sets of criteria which a student must master before he or she can
move on to the next level.

The cornerstone of the assessment is constant and organized
recordkeeping. The teacher is not the center of attention. I'm
the facilitator/observer so I'm constantly observing, taking
notes, going through students' work. We save their work to
check progress over time and to keep as a record of the child's
accomplishments.

For example, one way I get to know students is by reading
with them individually once or twice a week. When I do this,
I note the strategies the child is using and write comments on the
appropriate check list. The GOLD teachers created the report
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card and the math and literacy recordkeeping (see pages 31 and 32).
As part of this record-keeping students keep their work in a variety of folderssuch as

math, handwriting, creative writing, science, center work. 'Suidents keep' ists of what
they've read during the year so I have a chance to see what they're doing and talk with them
about it.

A key piece in our assessment is the Piagetian analysis of each child's cognitive skills (see
seriation example and summary on pages 33 and 34). In the fall and spring, the town hires
substitutes so that the teachers can test the children one-on-one. For me, this is important
because the teacher has to be constantly aware of these thinking processes when working with
kids. We use the Individual Piagetian Summary to record what we observe about a student's
abilities in these areas at the beginning of the year. During the year, when a child reaches
a new point, I note it and record it on the Piagetian Summary.

The record-keeping is the most time-consuming part but I believe in it because I know the
children better and, in this program, it becomes an on-going assessment over three years. One
of the biggest changes I've observed is a decrease in the level of student frustration and an
improvement in self-esteem and student behavior. I think this happens because our process
supports what kids can do, not what they cannot do. This program puts more responsibility
on the teacher for curriculum and assessment. I have to ask, 'How do I know these kids know
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NOTE: These examples are excerpts
from the actual forms

STUDENT'S NAME

YEAR TEACHER

LITERACY SKILLS - GOLD PRIMARY AND INTERMEDIATE RECORD

Inter primary Transitional

O 0 Reads independently using a wide range of books

0 Increases sight vocabulary

0 Continues to apply word strategies with unknown words, uses context to predict
unknown words

O 0 Self-corrects while reading

0 Reads with comprehension characters, sequence, theme, motivation

Predicts, makes inferences related to story

Identifies favorite types of books, authors

Gathers information from non-fiction sources

Writing

O Name

Words

Phrases

Sentences

Stories

Formulates ideas

0 Composes complete thoughts

O Edits and refines material

31 BELLEMERE AND KING
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Student's krone

NOTE These examples are ezeanHelf
from the actual forms

1. NUMERATION
FRACTIOUS

Year Teacher

GOLD PRIMARY MATH STUDerT RECORD

1/2 1/4 1/3

Cuts wholelgrouos into parts; labels 0 0 0

Recognizes symmetry 0 0 0

Reads symbols 0 0 0

Writes 0 0 0

2. OPERATIONS Concrete
or pictures Symbols

concrete with symbol% 41.:z_LAI

SUBTRACTION
Counts back ~tatty 0 0 0

Separates sem 0 0
differences from 10 0
differences from 20 0 0 0

Computes differences from 99 0 0
without regrouping 0 0 0

Computes differences from 99 0
with regrouping 0

Uses '0' in subtraction 0 0 0
Knows minus is reverse of plus 0

3. MONEY
Recognizes coins

Knows values of coins 0 0 0
Counts coins 0
Exchanges coins 0 0 0
Makes change 0 0

4. GEOMETRY Concrete
Or pictures Symbols

concreti with symbols 41u.

Sorts. names plane shapes (201. 0 0
solids (301 0

Recognizes shapes/solids in the environment 0 0
Makes shapes/solids 0 0
Reproduces patterns using shapes 0
Makes and descnbes repeated patterns/tessellations 0

Assessment Recordkeeping 32
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Reprinted with permission from NSTA Publications, copyright
November/December 1992,- Science and Children.

What Research Says."
Evaluating
Elemen

Science
By Rodney L. Doran, Douglas Reynolds,
Janice Camp lin, and Nicholas Hejaily

Since the advent of the activity-
oriented science programs of the
1960s, educators have been concerned
about the need for appropriate assess-
ment instruments. Today, New York
State has addressed that need with an
innovative system that includes au-
thentic science assessment.

Make a Change
The changes in New York didn't hap-
pen overnight. For decades (since
1958), elementary science instruction
had followed guidelines specifying
topics for each grade level. There was
no state assistance with local program
development, nor were there any state
elementary science tests.

Then, in 1985, four important
changes took place. First, a new state
syllabus established outcomes for sci-
ence content, skills, and attitude. Sec-
ond, teacher supplements to that syl-
labus featured sample program
materials. Third, an assessment de-
vice, the Elementary Science Program
Evaluation Test (ESPET) was pro-
posed to assess the effectiveness of

NOVEMBER/DECEMBER 1992

the science instructional program in
each school. Fourth, the state devel-
oped a statewide elementary science
mentor network of experienced teach-
ers and administrators trained to sup-
port the development of local school
programs and to administer and score
ESPET.Without all four components
of the system (syllabus, program, as-
sessment, and mentor network), it is
unlikely that positive, sustained
change in elementary science could
have occurred.

In May 1989, 211,000 fourth-grade
students, handicapped and non-
handicapped, enrolled in public and
nonpublic schools in New York, took
the first ESPET. Based on the out-
comes of Levels I and II of the new
syllabus (grades K--4), the untimed,
45-item multiple-choice objective
test measured science content and
inquiry skills. In addition, many
school districts administered one or
more of the optional survey compo-
nents that included a 20-item sci-
ence attitudes survey, a 25-item pro-
gram environment survey, a 36-item

0

teacher survey, a 32-item adminis-
trator survey, and a 12-item parent/
guardian survey.

Testing Manipulative Skills
New York State was the first in the
nation to administer a large scale ma-
nipulative skills test statewide to all
students' at a given grade level. The
test consisted of tasks at a series of
five locations (stations) set up in a
room by the school's elementary sci-
ence mentor (ESM).

Station setups, equipment lists,
and verbal directions were standard-
ized across the state according to an
"administrator's guidebook" that each
mentor had received in a workshop.
These guidelines enabled the test ad-
ministrators to check materials
quickly, just before students moved to
the next station, and helped make the
test valid across the state. Figure 1
shows the materials list, station setup
diagram, and directions for preparing
"Station Two Water on Objects."

Figure 2 shows a classroom setup
for 25 students. Students were able to
move from station to station with
minimal instructions. Because they
were kept busy at their own stations,
the children had little temptation to
observe others' work. Also, the sta-
tions were staggered, so any "observ-
ing" would be of some other task.

'vial Testing
We began by collecting existing as-
sessment ideas from as many sources
as possible. To develop the skills test
ofESPET,we examined the following
sources:

the Second International Science
Study (SISS),
the Assessment of Performance.
Unit (APU),
the National Assessment of Educa-
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A

tional Progress (NAEP),
and commercial material and cur-
riculum projects (SCIS and SAPA,
for example).
Doran's (1990) review of "practi-

cal" tests from various national and
international surveys and Hein's
(iJ90) collection of papers on the as-
sessment of hands-on programs also
came into play.

The SISS had developed and ad-
ministered skills tests for fifth grad-
ers, so we modeled our initial tasks
on their material and modified tasks
from other sources accordingly. Our
model asked a series of questions con-
nected to a set of materials or a com-
mon problem; involved a set of safe,

easily accessible materials and equip-
ment; and included a set of scoring
guidelines with point values allocated
to each question.

Producing a set of tasks for state-
wide testing purposes that will work
well in a wide variety of classrooms
takes at least two years to develop and
refine. Because these tests are assess-
ing the outcome of a specific curricu-
lum (school, district, or state), the
goals and objectives for that curricu-
lum must exist in a published form
and be considered at each stage of
development.

A team consisting of the regional
elementary science mentors from
western New York, specialists from

Figure 1. Station Two's materials list, setup diagram, and directions.
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the science and testing bureaus of the
state's Education Department, and a
university science educator was
charged with shepherding these tasks
from inception to statewide imple-
mentation. The creativity and wisdom
from their teaching and mentoring
experiences wer.t essential at every
stage of development.

As each new task was proposed,
one mentor was assigned to refine it
and modify it to a common format If
it seemed workable, the mentor tried
the task with a few students, check-
ing the materials' suitability and the
time needed to complete the task. Af-
ter making necessary revisions, the
team tried a sample of tasks with 10-
15 students.

At that point, the pool of tasks were
analyzed according to skills assess
grade level of language used, mate*
accessibility and "mess quotient" Af-
ter screening and subsequent revi-
sions, these tasks were combined in a
mock-up with the same number and
length of time as desired for the state-
wide test The mock-up was tried in
six to eight schools (one class each)
with verbal directions, test booklets,
timing, and so on. The mentor (or a
classroom teacher) administered the
test Other experienced mentors and
representatives of the state Education
Department observed the session,
looking for difficulties with reading,
equipment, and time constraints.

We tested about twice as many
tasks as we would need for the ESPET.
Based on student responses and on
observations by teachers and test ad-
ministrators, we assembled recom-
mendations for modification. The
items that assessed a broad range Ilk
skills and had the best testing charsW
teristics were then assembled for
statewide field testing.
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sample of 1,053 tourtn graders) to
represent the diversity of schools
within the state. These schools were
in-ited to participate in the next
stepthe statewide field test. This
field testing was done exactly as it
would be in subsequent statewide
implementation, in terms of direc-
tions to be read by the test adminis-
trator, questions asked, student in-
structions, aid materials and
equipment kits. Following the field
testing, we made final adjustments to
the instrument and also established
norms for interpreting the results.

Scoring Procedures
Because teams of teachers at each
building or district would be scoring
the tests, we developed a clear and
easy-to-use set of scoring procedures:

a small number of points were al-
located to each item;
a scoring guide clearly stated the
criteria for assigning points;
and examples of answers were
given for each point value.
A set of scoring procedures was

drafted, revised, and trial-tested prior
to use in the a, ewide field test. Each
station had several questions for the
student to answer. Each question had
a maximum point value between one
and three. As the maximum number
of points possible for any question
was three, the deliberation by the rat-
ers was minimal. The point value for
each station was four or five, with a
maximum score on the skills test of
22 points. The rating guide provided
as much help as possible in listing
sample correct answers, but scorers
were instructed to give appropriate
credit for answers conveying the same
general meaning as those listed. Such

Figure 2. Sample classroom setup.

a provision is critical if scorers are to
avoid the "single answer mentality"
that pervades assessment.

The rating/scoring guide is orga-
nized into three partsan overall set
of procedures, criteria and acceptable
answers for each item, and sample
student answers illustrating each
point value for each item.

The criteria and acceptable answers
for the first question at Station Two
are shown below, along with a stu-
dent example from the rating guide.
What happened to the drop of water on
each piece of paper?
Criterion: The student correctly describes
what happened to the drop of water on
each piece of paper.
Maximum score: three points
Samples of acceptable answers:
On papers A and C, the drop of water

was absorbed
soaked in
spread out
got bigger
expands
fills up/makes squares or blocks
goes through

On paper B, the drop of water
was not absorbed
sits on top
stays in ball
stays the same
doesn't spread
stays a drop
won't go through
bubbles on top

Number of Credits
What happened to the drop of water on
each piece of paper?
+1 On paper A, the water drop soaked in.

.04 Aavir 11110 %IV v. 17111.

soaked in.
Comment: The student correctly de-
scribed what happened to the drop of
water on papers A and C, but not on
paper B.

Did Scorers Agree?
Seven teachers who had been train-
ers for the scoring workshops trav-
eled to Albany to re-rate 3,949 of the
May 1989 ESPET manipulative skills
tests. The number of discrepancies
was tallied by school, by station, and
by item within each station.

Overall, the two ratings agreed
more than 90 percent of the time.
The level of agreement, however, did
vary considerably by 4-sk and by ques-
tion within task. For example, an item
on measuring mass involved only
clear, simple scoring criteria and led
to few discrepancies; while a request
that students "write a statement about
electricity" called upon scorers' sub-
jective judgement and resulted in a
high number of discrepancies.

A compilation of the scoring diffi-
culties and recommendations for
remediation was sent to schools
whose papers wer re-rated. Schools
with more than 10 percent total dis-
crepancies were recommended for a
scoring workshop.

The Results Are In
Schools were required to send to the
state Education Department a sum-
mary of their ESPET performance on
a form called the "Comprehensive As-
sessment Report" (CAR). Similar
school summary data were collected
on CAR for other state-administered
tests. These data were then compiled
so schools could see how their perfor-

(continued on page 63)
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(Evaluating,
continued from page 35)

mance compared with other schools
in their county, with similar-sized
schools, and with all the state's schools.

Performance on the manipulative
skills test at each school was also
viewed within the context of the state-
wide data. The data shown below re-
flect the percentage of students who
answered correctly for each question
of the skills test (May 1989 data).

on.

to 4

tadop 5 Ms

- 2 .

Looking at the data by station and
by item, we can make some generali-
zations. At the first station, students
scored relatively well on simple mea-
suring tasks, with 70-80 percent cor-
rectly determining mass, length, and
temperature with a centimeter scale,
thermometer, and pennies (..onstand-
ard mass units).

Measuring volume proved a bit
more difficult; students had to pour
water into an unmarked glass or mea-
suring cup and then compare with
either a line on the glass or the scale

NOVEMBER/DECEMBER 1992

on the measuring cup. This series of
steps made volume measurement
more complex than the other mea-
surements. Some students incorrectly
used the centimeter scale or the ther-
mometer for measuring volume.

At the second station, students had
to record their observations of water
drops placed on three kinds of paper.
They were very successful at this task;
86 percent earned full credit The sec-
ond item asked students to predict
what would happen to a water drop

or

on a piece of paper within a sealed
clear-plastic bag. The "unknown" pa-
per was similar to one of the "tested"
papers, and students were relatively
successful with this prediction (77
percent correct). The third item
probed the reasoning behind their
prediction; fewer children were able
to do this than predicted correctly
(63 percent).

At the third station, students were
asked to sort objects (seeds) into two
groups based on a common property
and then state the shared characteris-

83

tic for each group. Approximately 80
percent of the students sorted the
seeds into two groups and described
the shared characteristic.

At station four, most students
benefitted from previous work with
batteries, bulbs, and wires. They were
skilled in checking the five objects
(wire, paper clip, spoon, foil, and
toothpick) in a circuit to see which
one made the bulb light The scoring
for this item was as follows:

3 points-5 objects tested correctly
2 points-4 objects tested correctly
1 point 3 objects tested correctly
no scoreless than 3 objects tested
correctly

Most students were successful in test-
ing these objects. The second item
writing a statement about electricity
and all the objects testedwas con-
siderably more difficult. The average
score for this item was 59 percent
Many students wrote only about the
objects that made the bulb light rather
than including a statement about all
the objects.

The fifth station required students
to infer properties of objects within a
sealed box from the senses of hearing
and touch. The students were more
successful inferring the shapes of the
objects (92 percent) than their mo-
tion (72 percent). "Shape" is a widely
used property, more familiar than
motion. Another item at the station
asked, "What is another property of
an object in the box?" This also proved
to be difficult (49 percent correct).
Finally, students were asked to ex-
plain how they estimated the number
of objects in the box. As most stu-
dents "heard" collisions between ob-
jects, they /ere very successful at this
task (86 percent).

Follow a Leader
It is possible to assess manipulative
skills associated with an elementary
science program, but it does not hap-
pen in a vacuum. In New York State,
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we built upon a revised syllabus, man-
dates for local program development
and state level assessment, and an
elaborate network of teachers train-
ing teachers (mentors). We hope in-
dividual teachers, school districts, and
states will continue building upon this
foundation.
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Reprinted with permission from EDUCATIONAL LEADERSHIP, February 1993.

Science for All: Getting It Right
For the 21 St Century

limbs Aworesc

Kenneth M. Hoffman and Elizabeth K. Stage

National standards in curriculum, teaching, and

assessmentto be published in the fall of 1994
will translate the vision of "science for all"
into concrete direction for achieving it.

n December 1892, 18 men met at
the University of Chicago to advise
the "Committee of Ten" on science
preparation needed for college
admission. The consultants were

teachers from high schools and prep
schools and faculty at public and
private colleges and universities. Their
consensus was that at least one year of
biology, followed by one year of
chemistry and one year of quantitative
physics, would best prepare young
people to grow up to be just like them
(National Education Association 1894).

Recently, in December 1992, 600
men and womenmathematics and
science teachers, supervisors, state
coalition and systemic initiative direc-
tors, assessment reformers, governors'
education aides, and othersgathered
in Washington, D.C., to discuss
preliminary working documents c: die
National Committee on Science
Education Standards and Assessment
(NCSESA), These materials address
"Science for All," a challenge that our
nation is finally, 100 years later, ready
to embrace.

E5

The Legacy of the Committee of Ten
There's a lot to like about the 1892
reports to the 10 college and university
presidents. including a recommenda-
tion "that the laboratory record should
form part of the test for admission to
college.- What's not easy to like is
that the content recommendations set
the high school curriculum that
remains in place today for nearly all
students. This has led to the current
situation: some science for some
students.

As the body of scientific knowledge
has exploded. high school courses
have become cluttered with so much
new vocabulary--often exceeding that
of foreign language coursesthat
terms can only be memorized rather
than understood. To prepare students
for this onslaught of disconnected
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facts, junior high courses have often
imitated high school courses, with
levels of abstraction and quantification
that go beyond the intellectual
capacity of young people. Junior high
students, too, have learned to succeed
by memorization. Since memorized
work is easily forgotten, teachers at
each level teach as if students' minds
are empty. Thus, the expectations for
elementary school children are usually
minimal: "Keep their curiosity alive."

The elementary curriculum depends
largely on the interests of teachers,
only a quarter of whom feel "well
qualified" to teach science (Weiss
1989). Is it any surprise, then, that
although 70 percent of elementary
students say they are interested in
science (Weiss 1989), by the time they
reach high school. science enrollments
drop by more than one half each year?
Only 20 percent of high school
students nationally take the final
course in physics recommended in
1892 (Blank and Dalkilic 1990).

Challenges to the Status Quo
What's wrong with that? Since only
3 or 4 percent of the work force is
enstaged in science and engineering
(U.S. Department of Labor 1992),
why do all of our citizens need to learn
science? Concerns about competitive-
ness in the global economy are fueling
the renewal of science and mathe-
matics education. The business
community demands entry-level
workers who are able to think and
solve problems. Regardless of our
relative international rank, informed
citizenship in the year 2000 requires
that all people have a substantially
greater understanding of science.
Recall this fall's ballot initiatives in
several states, or consider the super-
market dilemma"Paper or plastic?"
Increasingly we are confronted with
questions for which scientific informa-
tion and ways of thinking are neces-
sary for informed decision making.

Finally, a well-kept secret: science
is one avenue through which humans
can seek understanding of our place in
the universe. The personal fulfillment
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We need national
standards to
highlight and
promote the
best practices
of the heroes
who do what
needs to be done
despite the norms.

and excitement that science has to
offer benefit everyone. For these
reasons, scientists and science educa-
tors are taking advantage of the
current attention on national education
goals to do a better job this time
around.

Science for All Americans is not
only the name of an influential book
issued by Project 2061the far-
reaching effort of the American Asso-
ciation for the Advancement of
Science (AAAS)but also its goal
(Rutherford and Ahlgren 1989).
Project 2061 was initiated in 1985, a
year in which Halley's Comet came
close to the earth, and named for the
year in which the comet will return.
The project delineates the science that
people whose lives span those years
will need to achieve scientific literacy.
Taking the long view, it defines
"science" broadly, to include the
natural sciences, as well as the social
sciences, mathematics, and tech-
nology. Project 2061 is taking a
decade to produce curriculum models
and blueprints for teacher education,
assessment, and other systems that
need to change to realize the vision.
This slow, deliberate pace respects
the premise that you cannot create
an airplane by adding wings to an
automobile.

In contrast, the National Science
Teachers Association (NSTA) has
crafted a more immediate solution.
The 1892 Committee of Ten recom-
mendation "that it is better to study
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one subject as well as possible durinill
the whole year than to study two or
more superficially during the same
time" has led to the high school
courses we have today. There is insuf-
ficient time for the introduction of
concepts, starting with an experiential
base and leading later to abstraction
and formalization. The learning
process has been compressed into too
short a time frame for meaningful
understanding to occur. To improve
this situation, NSTA's Scope,
Sequence, and Coordination Project
(SSC) recommends that biology,
chemistry, physics, and earth science
(a significant omission of the
Committee of Ten) be taught each
year, starting in the 6th or 7th grade
and continuing through 12th grade
(Aldridge 1992). The SSC slogan,
"Every Student, Every Science, Every
Year," is a short-term version of what
Project 2061 envisions.

Why Standards?
With a far-reaching vision for the
future and short-term solutions being
implemented in schools today, why do
we need national standards for science
education? First, standards are criteria
by which judgments can be made.
They need to be based on a vision, to
be sure. But they must also address
characteriy;:s of curriculum design so
that local educators can select what
they want their students to learn: one
of Project 2061's curriculum models; a
particular version of Scope, Sequence.
and Coordination; or another option.

What is needed from the national
level is guidance for making those
decisions. To understand the need
for direction from the national level,
one need only watch a mathematics
teacher arguing for a better system of
assessment on the basis of Curriculum
and Evaluation Standards for School
Mathematics (National Council of
Teachers of Mathematics 1989).
Or talk with a textbook publisher
who wants to make wise selections
among the plethora of material in
current K-12 science curriculums. The
banner put forward by NCTM's Stan-



dards enables everyone to move in the
same direction. assured that the risks
they take to improve mathematics
education will be supported by poli-
cies and practices throughout the
system.

Of course, good things are
happening in science classrooms today,
even without national standardsbut
they happen because of the heroes who
do what needs to be done despite the
norms. Many generous elementary
teachers, for example, spend their own
money on science supplies because
they know that their students learn best
by investigating. Middle schools often
use science programs with relevance to
their students' lives instead of being
merely a practice for high school. And
some high school teachers, ignoring
the vocabulary-dense syllabus,
encourage student inquiry into ques-
tions of their own.

We need national standardi to high-
light and promote the best practices of
these heroes. We must make their
curriculums the exemplarsthe core
of teacher preparation programs, the
models for instructional materials and
assessments, and the basis on which
science programs are judged. We need
to recognize and encourage the school
principals who find money in their
budgets for field trips, the parents.
whose bake sale proceeds purchase
science equipment, the authors who
write materials that cannot possibly
satisfy the divergent criteria of 22
states and thousands of local districts,
and the publishers who are pioneering
in authentic assessments despite the
lucrative market for multiple-choice
tests. These leadership efforts must
become the goal toward which others
strive.

How Are Standards Being Developed?
The National Research Councilthe
operating arm of the National
Academy of Sciences and the National
Academy of Engineeringagreed
to take the lead in developing stan-
dards for science education, at the
request of the National Science
Teachers Association and other profes-

sional societies, the Secretary of
Education, the Assistant Director for
Education and Human Resources of
the National Science Foundation, and
the Governors who co-chair the
National Education Goals Panel.

While scientists and science
teachers are prominent in the process,
teachers are a plurality on all commit-
tees and working groups. Also
involved are other educators, business
representatives, and the public. To
further rectify the sins of omission of
the 1892 committee, women and
members of other groups currently
underrepresented in the sciences
(people of African-American, Latino,
and Native American origin) are
participating directly in the process. In
a further attempt to ensure that the
views of 18, or even 180 people, do
not set the agenda for standards
intended for all students, a plan for
broad critique and consensus has been
built into the process.

Meeting for the first time in May
1992, the National Committee on
Science Education Standards and
Assessment approved a plan to
produce science education standards
by fall 1994. The committee's charge
to its working groups on curriculum,
teaching, and assessment is:

...to develop, in cooperation with the
larger science, science education, and
education communities, standards for
school science.

The standards, founded in exemplary
practice and contemporary views of
science. society, and schooling, will
provide a vision of excellence to guide
the science education system in produc-
tive and socially responsible ways.
Standards for curriculum, teaching, and
assessment will be intearated in a
single document. The standards will
specify criteria to judge the quality of
school science and to guide the future
development of the science education
enterprise.

What Standards Are Being Developed?
Science curriculum, science teaching,
and science assessment standards are
being created. Curriculum standards
will define:
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the nature of school science
experiences that exemplary practice
and learning research propose are
effective in producing valued science
learning;

the scientific information (facts,
concepts, laws, theories), modes of
reasoning, and proficiency in
conducting scientific investigations
that all students are expected to attain
as a result of the experiences;

the attitudes and inclinations to
apply scientific principles and ways of
thinking outside the formal educa-
tional system that all students are
expected to attain.

Science assessment standards will
define:

the methods for assessing and
analyzing student achievement and the
opportunities that programs afford
students to achieve the valued
outcomes of science;

the methods for achieving appro-
priate correspondence between assess-
ment data and the purposes that the
data will serve;

the characteristics of valid, reli-
able science assessment data and
appropriate methods for collecting
them.

Science teaching standards will
define:

the skills and knowledge teachers
need to provide students with school
experiences to achieve the valued
science learning outcomes;

the preparation and professional
development teachers need to fulfill
their roles;

the necessary support systems
and resources for effective science
teaching.

The National Science Education
Standards will be descriptive, not
prescriptive, in order to support
thoughtful consideration and applica-
tion. The curriculum standards will
not prescribe particular courses.
programs of study, or textbooks;
assessment standards will not be an
examination; and teaching standards
will not be certification or licensure
specifications. In each case, examples
will illustrate the broad range of what
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Prototype Activity: Matter (1st Grade Level)

The following is an example of how
content standards can be taught and
evaluated. This passage is excerpted
from: National Committee on Science
Education Standards and Assessment.
(December 1992), National Science
Education Standards: A Sampler
(Washington. D.C.: National Research
Council), pp. 30-33.

...Today, the teacher had planned to
take the class for a walk around the
block ... [to] collect rocks for study....
The teacher told the students about the
purpose of the walk and asked them
what they thought they might find and
where they might find them. Divided
into pairs and equipped with a map of
the block ... and a bag, the children
circled the block, stopping to collect
stones as they went. Back in the class-
room. the students, in groups of four.
examined their rocks closely. using
hand-held magnifying lenses. They
were asked to think about how they
might describe their rocks, malting
drawings if they wished, and then to
sort their rocks into groups that made
sense to them.

Within ;heir groups, the students
discussed their observations and
agreed and disagreed about cate-
gories. The teacher moved from group
to group, listening to the discussions,
asking for descriptions, pointing out
interesting features, and querying the
reasons for the groupings....

The next day, the teacher [asked)
each group ... to explain the basis for
the grouping of their rocks. Other
students were asked to comment. The
teacher picked up a new rock and
asked that it be placed in the proper
pile. After each group of four had
completed its explanation, the teacher
and th class constructed a list of all
the characteristics ... used in sorting
the rocks. They discussed the relative
usefulness of some versus others and
talked about other tools that might be
useful....

...This unit will continue. The
students will pursue the study of rocks
as well as other parts of the environ-
ment. In the process, they will continue
to study the properties and character-
istics of objects and materials and
apply their abilities to observe,
describe, and classify....

As a result of (many) activities [like
these] students should be able to
demonstrate their understanding of
fundamental ideas about objects and
materials: namely, that

Common objects have observable
properties (size, shape, volume, and
weight)lhat can be compared and
measured ... (and) used to describe,
group, and classify objects.

In demonstrating their under-
standing of these ideas, students
should be able to classify or order
a set of objects according to a speci-
fied property, such as weight or
volume.... and to devise one or more
ways to classify or order a set of
objects and ... to explain their classifi-
cation scheme.

Objects are made up of different
kinds of materials. Materials have
observable properties (color, texture,
magnetic characteristics, and different
behaviors when heated or cooled)
that can be compared and measured.
Such properties are useful in
describing, grouping, and classifying
materials.

...Students should be able to group
a set of objects according to the mate-
rials from which the objects were made
(wood, metal, glass, and clay).... [and)
describe differences in the observable
properties of such materials.

Materials can exist in different
states (solid, liquid, gaseous). Each
state has characteristic properties.

...Students should be able to
describe observable properties that
given materials have in common or that
distinguish them from one another.

Some properties of a material may
change when it experiences external
change; others do not. In particular, if
the temperature of a sample of mate-
rials is changed, the material may
change from one state to another
(liquid to solid, liquid to gas, and so on).
However, the weight of an object
remains unchanged when it is broken
into smaller parts.

...Students should be able to predict
and describe the effects of tempera-
ture changes on water or ice.... [and]
to provide evidence that the weight of
a sample of material remains the same
even though its shape, location, or
appearance may change.
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is possible, not define the one "best
approach.

While working groups in
curriculum, teaching, and assessment
convened separately in the summer of
1992, their overlapping membership
and common goal will lead to a
unified document that will move the
system of science education forward
in concert. The first discussion docu-
ment, prepared in October,' outlined
guiding principles for the production
of a complete draft by fall 1994. These
principles delineate the territory of
school sciencesomewhat broader
than Scope, Sequence, and Coordina-
tion, but narrower than Project 2061.

Science for All
The first principle, Science for All,
takes an unwavering stand that "the
science standards will define the level
of understanding that all students
regardless of background, future aspi-
rations, or interest in scienceshou
develop." The text foreshadows wh
will appear in subsequent drafts:

... the commitment to "Science for All"
implies inclusion not only of those who
traditionally have received encourage-
ment and opportunity to pursue science.
but of women and girls, all racial and
ethnic groups, the physically and
educationally challenged, and those
with limited English proficiency.
Further, it implies attention to various
styles of learning and differing sources
of motivation. Every person must be
brought into and given access to the
ongoing conversation of science.

Thus, the commitment to "Science for
All" requires curriculum, teaching, and
assessment standards that take into
account student diversity vis-a-vis
interests, motivation, experience, and
ways of coming to understand science.
The standards must define criteria for
high-quality science experiences that
include the engagement of all students
in the full range of science content.
These experiences must teach the
nature and process of science as wel
the subject matter and support the
notion that men and women of diverse
backgrounds engage and participate in
science and that all have a claim on this
common human heritage.



The commitment to "Science for All"
has implications for program design
and resource allocation at local, state,
and national levels.

The other guiding principles in the
October discussion document delin-
eate the territory of school science,
distinguishing it from technology and
engineering and from other ways of
knowing. The position taken is that the
national science education standards
should be limited to the fundamental
understandings and should offer selec-
tion criteria that states, localities,
teachers, and students can use to deter-
mine additional subject matter to be
studied. Such criteria will include:
developmental appropriateness, expe-
riential connections, contribution to
students' ability to investigate and to
make decisions, and being worth the
instructional time and student effort to
achieve understanding.

These positions are elaborated in a
December discussion document,
which provides one or more prototype
standards illustrating the interweaving
of curriculum, teaching, and assess-
ment. This document also character-
izes the domain of science education
standards, indicating the inclusion not
only of the subject matter (ecology,
energy, space, and so on) but also
inquiry, decision making, and content
(social, ethical, and historical).

Critique and Consensus
Parallel to the development of science
education standards is a broad-based
critique and consensus process. By
working with the several science and
science education communities
(biology, chemistry, physics, earth and
space sciences), we hope to overcome
the fragmentation and territoriality that
have characterized much of science
education in the past. By involving
those who have been left outfemales
(Association for Women in Science);
members of racial and ethnic groups
(American Indian Science and Engi-
neering Society, Hispanic Secretariat,
National Association of Black School
Educators); and the physically chal-

lenged (Foundation for Science and
the Handicapped)we will work to
enlarge the mainstream of the science
and science education community.

We distributed the December draft
to a wider audience than the October
document. The overwhelming senti-
ment among the more than 5,000
scientists, science educators, and
educators with whom we have talked
is concern that the public will not
support the changes the standards will
call for. The publishers and producers
of instructional materials and tests,
with whom we have had two meetings
each already, are also eager to see
public support for hands-on, "minds-
on" science programs. Similarly, the
corporate community is willing to
work for standards-based systemic
changeand is poised to assist with
expertise and funding. The National
Governors' Association has put strn-
dards- based, systemic reform at me
top of its 1992-93 agenda, with mathe-
matics and science leading the way.
Other policy groups have, given us
similar endorsements.

By extending the discussion to
include the broader education, busi-
ness, parent, and policy communities,2
we hope to create a context of wide
support for the science education
goals. And by working with the public
and private funders of education'
we hope to provide the support
that teachers will need to meet the
standards.

In other words, after 100 years of
observation and experimentation, this
time we hope to get it right!

'The document was prepared by working
group chairs Audrey Champagne, Henry
Heikkinen, and Karen Worth.

For example, Association for Supervi-
sion and Curriculum Development. Council
of Chief State School Officers. Corporate
Council for Mathematics and Science
Education, National Parent Teachers
Association. and National Governors'
Association.

'For example, Council on Foundations.
National Council of State Legislatures.
National Science Foundation, and the
U.S. Congress.
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ho
ds

 fo
r 

as
se

ss
in

g 
sc

ie
nc

e
le

ar
ni

ng
 in

 s
ch

oo
ls

, h
ow

ev
er

,
w

e 
m

ig
ht

 th
in

k 
th

at
 w

ha
t's

 m
os

t i
m

po
rt

an
t

in
 s

ci
en

ce
 is

 b
ei

ng
 a

bl
e 

to
 c

ho
os

e 
th

e
on

e 
co

rr
ec

t a
ns

w
er

 fo
r 

ea
ch

qu
es

tio
n 

on
 a

 m
ul

tip
le

-c
ho

ic
e 

te
st

. A
ss

es
si

ng
sc

ie
nc

e 
th

ro
ug

h
m

ul
tip

le
-c

ho
ic

e 
te

st
s 

is
 li

ke
 a

ss
es

si
ng

 L
ar

ry
 B

ird
s

ba
sk

et
ba

ll 
sk

ill
s 

by
as

ki
ng

 h
im

 to
 r

es
po

nd
 to

a 
se

t o
f m

ul
tip

le
-c

ho
ic

e 
qu

es
tio

ns
. W

e 
m

ig
ht

fin
d 

ou
t s

om
et

hi
ng

 a
bo

ut
 B

ird
's

 k
no

w
le

dg
e

of
 th

e 
fa

ct
s 

of
 b

as
ke

tb
al

l,
pe

rh
ap

s 
ev

en
 s

om
et

hi
ng

 a
bo

ut
 h

is
 c

on
ce

pt
ua

l k
no

w
le

dg
e,

 b
ut

 w
e

ce
rt

ai
nl

y 
w

ou
ld

 n
ot

 b
e 

ab
le

 to
m

ea
su

re
 th

e 
le

ve
l o

f h
is

 p
la

yi
ng

 s
ki

ll.
In

cr
ea

si
ng

ly
, c

om
m

en
ta

to
rs

on
 th

e 
st

at
e 

of
 s

ci
en

ce
 e

du
ca

tio
n

re
co

gn
iz

e 
th

is
 m

is
m

at
ch

. T
he

 N
at

io
na

l S
ci

en
ce

 F
ou

nd
at

io
n

(N
S

F
) 

in
19

87
 la

un
ch

ed
 a

 m
aj

or
 c

ur
ric

ul
um

 d
ev

el
op

m
en

t
in

iti
at

iv
e 

th
at

 b
eg

an
w

ith
 e

le
m

en
ta

ry
 s

ch
oo

l p
ro

je
ct

s 
an

d 
w

ill
 a

dd
m

id
dl

e 
sc

ho
ol

 a
nd

 h
ig

h
sc

ho
ol

 p
ro

je
ct

s 
in

 la
te

r
ye

ar
s.

 In
 a

 m
em

or
an

du
m

 o
n 

as
se

ss
m

en
t w

rit
te

n 
in

th
e 

se
co

nd
 y

ea
r 

of
 th

is
 e

ffo
rt

, a
 g

ro
ut

 o
f t

he
 N

S
F

-s
up

po
rt

ed
 c

ur
ric

ul
um

de
ve

lo
pe

rs
 c

on
cl

ud
ed

:

R
es

ea
rc

h 
sh

ow
s 

th
at

 e
xt

an
t a

ch
ie

ve
m

en
t t

es
ts

 d
o 

no
t m

ea
su

re
 th

e 
br

oa
d

ra
ng

e 
of

 s
ci

en
tif

ic
 p

ro
ce

ss
es

 o
r 

hi
gh

er
 o

rd
er

 th
in

ki
ng

 s
ki

lls
;

no
r 

do
 th

ey
gi

ve
 in

si
gh

t i
nt

o 
na

iv
e 

ve
rs

us
 ''

sc
ie

nt
ifi

c"
 in

te
rp

re
ta

tio
ns

 o
f p

he
no

m
en

a.
A

ll 
th

es
e 

do
m

ai
ns

 a
re

 in
te

gr
al

 to
 c

ur
re

nt
 a

pp
ro

ac
he

s
to

 te
ac

hi
ng

 a
nd

le
ar

ni
ng

 s
ci

en
ce

.
.

.
.

O
n 

th
e 

co
nt

ra
ry

, b
ec

au
se

 th
e 

em
ph

as
is

 o
f t

he
se

no
rm

-r
ef

er
en

ce
d 

te
st

s 
is

 o
n 

ty
pe

s 
of

 q
ue

st
io

ns
 th

at
ca

n 
be

 a
ns

w
er

ed
 b

y

A
ut

ho
r's

 m
os

t I
 a

m
 g

ra
te

fu
l f

or
 th

e 
su

pp
or

t o
f t

he
 N

at
io

na
l S

ci
en

ce
F

ou
nd

at
io

n,
 G

ra
nt

T
P

E
-8

85
03

2,
 w

hi
ch

 c
on

tr
ib

ut
ed

 to
 th

e 
co

lle
ct

io
n 

of
 m

at
er

ia
l f

or
 th

is
 c

ha
pt

er
.

9 
0

10
6

S
A

ct
iv

e 
A

ss
es

sm
en

t f
or

 A
ct

iv
e 

S
ci

en
ce

10
7

si
m

pl
e 

re
ca

ll 
of

 fa
ct

s,
 a

nd
/o

r 
re

co
gn

iti
on

 o
f t

ex
tb

oo
k 

ex
pe

rim
en

ts
, t

he
y

m
ili

ta
te

 a
ga

in
st

 th
e 

le
ss

 p
re

di
ct

ab
le

 h
an

ds
-o

n 
ap

pr
oa

ch
.

.
.

.
T

he
ex

is
tin

g 
no

rm
-r

ef
er

en
ce

d 
te

st
s 

no
t o

nl
y 

fa
il 

to
 s

up
po

rt
 o

r 
en

co
ur

ag
e

th
e 

im
pl

em
en

ta
tio

ns
 o

f n
ew

 d
ev

el
op

m
en

ts
 in

 s
ci

en
ce

 c
ur

ric
ul

um
 a

nd
pe

da
go

gy
, b

ut
 th

ei
r 

co
nt

in
ue

d,
 n

ea
r-

un
iv

er
sa

l u
se

 m
ay

 d
am

pe
n 

or
to

ta
lly

 in
hi

bi
t i

m
pl

em
en

ta
tio

n 
of

 s
uc

h 
ap

pr
oa

ch
es

. T
hu

s,
 th

er
e 

is
 a

ne
ed

 fo
r 

al
te

rn
at

iv
es

 to
 e

xi
st

in
g 

na
tio

na
l, 

no
rm

re
fe

re
nc

ed
 te

st
s.

 T
he

al
te

rn
at

iv
es

 m
us

t b
e 

of
 h

ig
h 

qu
al

ity
 a

nd
 m

us
t m

ee
t t

he
 p

ub
lic

's
 n

ee
ds

fo
r 

ac
co

un
ta

bi
lit

y 
an

d 
co

m
pa

ra
bi

lit
y 

ac
ro

ss
 p

ro
gr

am
s 

an
d 

di
st

ric
ts

.
A

dd
iti

on
al

ly
, t

he
y 

m
us

t b
e 

co
ng

ru
en

t w
ith

 th
e 

ph
ilo

so
ph

y 
of

 s
ci

en
ce

te
ac

hi
ng

 a
nd

 le
ar

ni
ng

 th
e 

N
at

io
na

l S
ci

en
ce

 F
ou

nd
at

io
n 

pr
om

ot
es

(H
ar

m
on

 e
t a

l. 
19

88
).

T
he

 N
at

io
na

l C
en

te
r 

fo
r 

Im
pr

ov
in

g 
S

ci
en

ce
 E

du
ca

tio
n,

 a
 p

ol
ic

y
gr

ou
p 

w
ho

se
 m

is
si

on
 is

 "
to

 p
ro

m
ot

e 
ch

an
ge

s 
in

 s
ta

te
 a

nd
 lo

ca
l p

ol
ic

ie
s

an
d 

pr
ac

tic
es

 in
 th

e 
sc

ie
nc

e 
cu

rr
ic

ul
um

, s
ci

en
ce

 te
ac

hi
ng

, a
nd

 a
ss

es
sm

en
t

of
 s

tu
de

nt
 le

ar
ni

ng
 in

 s
ci

en
ce

" 
(R

ai
ze

n 
et

 a
l. 

19
89

),
 h

as
 b

eg
un

 to
 is

su
e 

a
se

rie
s 

of
 r

ep
or

ts
 c

ov
er

in
g 

as
se

ss
m

en
t, 

cu
rr

ic
ul

um
, a

nd
 te

ac
he

r 
tr

ai
ni

ng
 a

t
th

e 
el

em
en

ta
ry

, m
id

dl
e,

 a
nd

 s
ec

on
da

ry
 s

ch
oo

l l
ev

el
s.

 In
 th

e 
fir

st
 r

ep
or

t
on

 a
ss

es
sm

en
t, 

th
e 

ex
pe

rt
 p

an
el

 c
on

ve
ne

d 
by

 th
e 

C
en

te
r 

st
re

ss
es

 th
e

ne
ed

 fo
r 

ne
w

 a
nd

 m
or

e 
va

rie
d 

as
se

ss
m

en
t m

et
ho

ds
 a

nd
 a

rg
ue

s 
fo

r 
a

na
tio

na
l p

ro
gr

am
 to

 im
pr

ov
e 

sc
ie

nc
e 

as
se

ss
m

en
t:

Im
pr

ov
em

en
t G

oa
l

2
.

D
ev

el
op

m
en

t o
f e

xt
er

na
lly

 m
an

da
te

d
as

se
ss

m
en

ts
 a

s 
w

el
l a

s 
cl

as
sr

oo
m

 te
st

s 
th

at
 c

on
fo

rm
 c

lo
se

ly
 to

 th
e

ch
ar

ac
te

ris
tic

s 
of

 g
oo

d 
sc

ie
nc

e 
cu

rr
ic

ul
a 

an
d 

in
st

ru
ct

io
n.

.
.

.

A
ss

es
sm

en
ts

 s
ho

ul
d 

pr
ov

id
e 

gr
ea

te
r 

op
po

rt
un

iti
es

 fo
r 

ch
ild

re
n 

to
in

te
ra

ct
 w

ith
 s

tim
ul

us
 m

at
er

ia
ls

,
(
2
)

at
te

nd
 to

 u
nd

er
st

an
di

ng
s 

of
co

ns
tr

uc
ts

 a
nd

 p
rin

ci
pl

es
 a

s 
w

el
l a

s 
fa

ct
ua

l k
no

w
le

dg
e,

 (
3)

 p
ro

be
ap

pr
oa

ch
es

 to
 p

ro
bl

em
 s

ol
vi

ng
 a

s 
w

el
l a

s 
ou

tc
om

es
,
(
4
)

be
 e

xp
lic

itl
y

in
te

gr
at

ed
 w

ith
 th

e 
cu

rr
ic

ul
um

 a
nd

 w
ith

 in
st

ru
ct

io
n,

 (
5)

 in
co

rp
or

at
e

ha
nd

s 
-o

n 
ac

tiv
iti

es
 w

he
ne

ve
r 

fe
as

ib
le

, a
nd

(
6
)

be
 s

tr
uc

tu
re

d 
ar

ou
nd

gr
ou

p 
as

 w
el

l a
s 

in
di

vi
du

al
 a

ct
iv

iti
es

 (
R

ai
ze

n 
et

 a
l.

1
9
8
9
,
 
p
.
 
9
7
)
.

T
he

se
 a

re
 b

ut
 tw

o 
ex

am
pl

es
 o

f c
al

ls
 fo

r 
a 

re
fo

rm
, i

nd
ee

d 
a

re
vo

lu
tio

n,
 in

 h
ow

 w
e 

as
se

ss
 k

no
w

le
dg

e 
of

 s
ci

en
ce

. E
ve

ry
 m

aj
or

 p
ol

ic
y

pa
pe

r 
of

 th
e 

pa
st

 fe
w

 y
ea

rs
, w

he
th

er
 fo

cu
se

d 
on

 n
at

io
na

l i
nd

ic
at

or
s

(K
na

pp
 e

t a
l. 

19
87

, M
ur

na
ne

 a
nd

 R
ai

ze
n 

19
88

) 
or

 o
n 

cl
as

sr
oo

m
 p

ra
ct

ic
e

(R
es

ni
ck

 1
98

7;
 C

ha
m

pa
gn

e,
 L

ov
itt

s,
 a

nd
 C

al
in

ge
r 

19
90

),
 h

as
 c

al
le

d 
fo

r 
a

si
m

ila
r 

ch
an

ge
 in

 a
ss

es
sm

en
t.

F
or

tu
na

te
ly

, d
ev

el
op

in
g 

al
te

rn
at

iv
es

 to
 m

ul
tip

le
-c

ho
ic

e 
as

se
ss

m
en

ts
ne

ed
 n

ot
 s

ta
rt

 d
e 

no
vo

. A
s 

lo
ng

 a
s 

te
ac

he
rs

 h
av

e 
w

on
de

re
d 

ab
ou

t w
ha

t
st

ud
en

ts
 h

av
e 

le
ar

ne
d,

 a
 w

id
e 

ra
ng

e 
of

 a
ss

es
sm

en
t s

tr
at

eg
ie

s 
an

d 
pr

ac
tic

es
ha

ve
 fl

ou
ris

he
d.

 T
he

 d
om

in
an

t u
se

 o
f p

ap
er

an
d-

pe
nc

il 
te

st
s 

at
 th

e

01



10
8

E
xp

an
di

ng
 S

tu
de

nt
 A

ss
es

sm
en

t

na
tio

na
l l

ev
el

 h
as

 o
nl

y 
ob

sc
ur

ed
,

no
t e

lim
in

at
ed

, t
he

 a
lte

rn
at

iv
e 

w
or

k
th

at
 h

as
 ta

ke
n 

pl
ac

e 
in

 a
 v

ar
ie

ty
 o

f s
et

tin
gs

 a
nd

 a
t l

ev
el

s 
ra

ng
in

g 
fr

om
 th

e
cl

as
sr

oo
m

 to
 n

at
io

na
l-s

ca
le

as
se

ss
m

en
ts

. M
uc

h 
re

ce
nt

 w
or

k 
is

 w
el

l
do

cu
m

en
te

d 
an

d 
re

le
va

nt
 to

an
y 

ef
fo

rt
 to

 d
ev

el
op

 c
la

ss
ro

om
-b

as
ed

 a
nd

la
rg

e-
sc

al
e 

al
te

rn
at

iv
e 

as
se

ss
m

en
ts

.
In

 th
is

 c
ha

pt
er

, I
 s

um
m

ar
iz

e
a 

nu
m

be
r 

of
 d

iff
er

en
t w

ay
s 

by
 w

hi
ch

le
ar

ni
ng

 in
 s

ci
en

ce
 h

as
 b

ee
n 

an
d

ca
n 

be
 e

ffe
ct

iv
el

y 
as

se
ss

ed
, a

nd
 I

de
sc

rib
e 

a 
fe

w
 c

as
es

 in
 d

et
ai

l a
s 

ill
us

tr
at

io
ns

 o
f m

or
e 

w
id

es
pr

ea
d 

pr
ac

tic
e.

I b
eg

in
 b

y 
ou

tli
ni

ng
 th

e 
va

rio
us

 m
et

ho
ds

 th
at

ar
e 

av
ai

la
bl

e 
to

 a
ss

es
s

st
ud

en
t l

ea
rn

in
g 

in
 s

ci
en

ce
. I

 n
ex

t e
xa

m
in

e 
se

ve
ra

l
ca

te
go

rie
s 

of
 r

es
ea

rc
h

an
d 

de
ve

lo
pm

en
t u

se
d 

to
 lo

ok
 a

t l
ea

rn
in

g 
in

sc
ie

nc
e,

 a
nd

 d
is

cu
ss

 th
e

m
et

ho
ds

 p
ro

fe
ss

io
na

ls
 in

 th
es

e 
fie

ld
s 

ha
ve

 e
m

pl
oy

ed
.

F
in

al
ly

, I
 d

is
cu

ss
 a

fe
w

 is
su

es
 th

at
 e

m
er

ge
 fr

om
 th

is
 c

at
al

og
 o

f m
et

ho
ds

.
I d

o 
no

t c
ov

er
 a

 n
um

be
r 

of
 te

ch
ni

ca
l i

ss
ue

s 
re

la
te

d
to

 a
ss

es
sm

en
t.

F
or

 e
xa

m
pl

e,
 a

ll 
ty

pe
s 

of
 a

ss
es

sm
en

t
ar

e 
su

bj
ec

t t
o 

qu
es

tio
ns

 c
on

ce
rn

in
g

re
lia

bi
lit

y 
an

d 
va

lid
ity

. I
n 

ge
ne

ra
l, 

th
e 

si
m

pl
er

 th
e 

m
et

ho
d

to
 a

dm
in

is
te

r
an

d 
sc

or
e,

 a
nd

 th
e 

le
ss

 th
e 

m
et

ho
d 

is
 s

ub
je

ct
to

 v
ar

ia
tio

n 
be

ca
us

e 
of

 lo
ca

l
ci

rc
um

st
an

ce
s 

or
 c

on
te

xt
, t

he
 e

as
ie

r 
it 

is
 to

 e
st

ab
lis

h 
re

lia
bi

lit
y.

 H
ow

ev
er

,
th

e 
sa

m
e 

co
nd

iti
on

s 
ge

ne
ra

lly
 m

ak
e 

th
e 

va
lid

ity
 o

f t
he

re
su

lts
 m

or
e

di
ffi

cu
lt 

to
 a

ch
ie

ve
, s

in
ce

 th
e 

re
qu

ire
m

en
ts

 fo
r

a 
si

m
pl

e,
 a

ll-
pu

rp
os

e 
te

st
th

at
 c

an
 b

e 
ad

m
in

is
te

re
d 

in
 a

ny
 c

on
te

xt
 u

su
al

ly
m

ea
n 

th
at

 th
e 

as
se

ss
m

en
t

di
ffe

rs
 fr

om
 th

e 
ac

tu
al

 a
ct

iv
ity

 th
at

 is
 b

ei
ng

 a
ss

es
se

d.
 T

hu
s,

a

pa
pe

r-
an

d-
pe

nc
il 

te
st

 fo
r 

sc
ie

nc
e 

ac
hi

ev
em

en
t

ca
n 

be
 m

ad
e 

hi
gh

ly
re

lia
bl

e,
 b

ut
 s

til
l l

ea
ve

 s
er

io
us

 q
ue

st
io

ns
 a

bo
ut

 it
s 

va
lid

ity
,

as
 th

e
ba

sk
et

ba
ll 

ex
am

pl
e 

su
gg

es
te

d.
A

ll 
as

se
ss

m
en

t m
et

ho
ds

 c
ar

ry
 w

ith
 th

em
 is

su
es

co
nc

er
ni

ng
pr

ac
tic

al
ity

 a
nd

 c
os

t. 
T

he
 c

he
ap

es
t a

nd
 m

os
t p

ra
ct

ic
al

te
st

, e
sp

ec
ia

lly
 fo

r
la

rg
e-

sc
al

e 
te

st
in

g,
 is

 o
ne

 th
at

 c
an

 b
e 

ad
m

in
is

te
re

d
to

 a
 la

rg
e 

gr
ou

p 
of

st
ud

en
ts

 s
im

ul
ta

ne
ou

sl
y 

in
 m

in
im

um
 ti

m
e 

us
in

g 
th

e 
fe

w
es

t m
at

er
ia

ls
. B

ut
ag

ai
n,

 th
e 

cl
os

er
 a

 te
st

 c
om

es
 to

 th
is

 id
ea

l, 
th

e
m

or
e 

lik
el

y 
it 

is
 th

at
 it

s
va

lid
ity

 m
ay

 c
om

e 
in

to
 q

ue
st

io
n.

T
he

 m
os

t a
pp

ro
pr

ia
te

 a
ss

es
sm

en
t m

et
ho

d 
fo

r
an

y 
pa

rt
ic

ul
ar

ap
pl

ic
at

io
n 

m
ay

 a
ls

o 
va

ry
 w

ith
 th

e
pu

rp
os

e 
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 c
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 o
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 d
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at
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ra
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ra
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 c
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 b
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, p
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 c
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 c
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e 

a 
si

m
pl

e 
an

d 
di

re
ct

 w
ay

 to
as

se
ss

 le
ar

ni
ng

, i
n 

fa
ct

, t
he

y 
ar

e 
th

e 
m

os
t c

om
m

on
 fo

rm
 o

f a
ca

de
m

ic
as

se
ss

m
en

t. 
O

ur
 r

el
ia

nc
e 

on
 m

ul
tip

le
-c

ho
ic

e 
an

d 
ot

he
r 

sh
or

t-
an

sw
er

te
st

s,
 h

ow
ev

er
, m

ay
 m
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 p
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f p
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er
e 

w
ei

gh
ed

 a
ga

in
.
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.
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re
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R
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n 

A
ss

es
sm

en
t a

nd
T

es
tin

g,
 in

 it
s

re
co

m
m

en
da

tio
ns

 fo
r 

ca
rr

yi
ng

 o
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at
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CONNECT

The nature of elementary
science: what does "it" look like?

by Gregg Humphrey
IMAGINE A PARENT, or perhaps the superin-
tendents or maybe another teacher in your
school, asking you the question: "What does
the kind of science that you are doing look like?
What is IT?" You might be tempted to reply by
using words such as hands-on, activity-based,
inquiry, or process; but the questioner asks: "If
I were a child in your room, what might I be do-
ing on a typical day?"

These are questions that the participating
teachers and principals of the Vermont Elemen-
tary Science Project (VESP) began asking
themselves last fall. These educators have now
constructed and articulated an understanding of
good science for their classrooms. Their Refer-
ence Guide outlines what it is that students
would know and be doing if they were engaged
in hands-on, inquiry-based science.

This profile of effective student practice is
the result of teachers and administrators apply-
ing the knowledge and methods of the Vermont
Elementary Science Project, and then reflecting

upon their classroom
These educators have now
constructed and articulated
an understanding of good

science for their classrooms.

experiences with each
other. This collabora-
tive view of "ideal"
student outcomes is
particularly relevant
to the development of

new programs and to the assessment of inquiry-
based, elementary science.

As interest in the question of, "What does IT
look like?" grew, we strategized ways for educa-
tors to feel ownership in the process of
developing profiles of effective science practice.
The process used to produce these results is in-
teresting in its own right. We asked teams to
brainstorm ideas regarding good elementary sci-
ence for the student. In other words, "What is
IT," from the point of view of the child?

During the next phase of developing a prac-
tice profile, a committee met and attempted to
categorize the data. Working in pairs, and then
with the full committee, it was decided to use
seven categories into which the ideas were sepa-
rated (see page 9). Each committee member was
then asked to write a short statement to capture

the essence of a given category. These state-
ments were to describe "the ideal."

At the next follow-up day of all VESP par -
'icipants, the large group was separated into
seven teams, one for each category of the "IT."

Next, the teams viewed a videotape of 2nd
graders investigating sinking and floating. We
posed the question, "Is this ITT' Each group
was charged with viewing the tape from the
point of view of the category that it was con-
cerned with. Afterwards, each team shared with
the large group "indicators" that were found
from their particular category. More discussion
took place refining the wording and ideas of the
overall profile.

Finally, the committee met again and pro-
duced the work in progress known as "On the
Run Reference Guide to the Nature of Ideal Ele-
mentary Science for the Student."

By increasing our ability to communicate
about the "IT' with one another, we hope to be
better able to plan the next steps: for the child,
for the teacher, and for the school. If we con-
tinue to develop a shared sense of the IT," we
all will be able to assess our progress towards
defined goals.

To use the analogy of a microscope with sev-
eral objective lenses, there are different levels
of magnification which help to define the "IT'
for the student, the teacher, the school and, ulti-
mately, the "IT" for the school system. We will
delve into each of these layers as the Vermont
Elementary Science Project continues its work
with teachers. ta,

GREGG HUMPHREY is the Technical Assistance Specialist
for the Vermont Elementary Science Project (VESP). The
VESP is a three-year grant awarded to the NETWORK,
INC., Andover, MA. by the National Science Foundation.
The ideas in this article were developed by teams of
teachers and administrators from eleven schools in the
Champlain Valley region of Vermont. It is their wish that
this work be viewed as "in progress" and subject to
revision. For more information, contact Maura Carlson.
VESP Project Coordinate.; Trinity College of Vermont.
McAuley Hall, Burlington. VT 05401(802 -658. 3664).
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CONNECT

On the run reference guide
to the nature of elementary science

for the student

.

'-To help answer the question: If students
'f are really "doing" hands-on inquiry based

science, what does it look like?

Children view themselves as
scientists in the process of

7..7 learning.
1. They look forward to doing science.

. 2. They demonstrate a desire to learn
more.
3. They seek to collaborate and work
cooperatively with their peers.
4. They are confident in doing science;
they demonstrate a willingness to modify
ideas, take risks, and display healthy skepti-
cism.

Children accept an "invitation to
learn" and readily engage in the
exploration process.
1. Children exhibit curiosity and ponder
observations.
2. They move around selecting and using
the materials they need.
3. They take the opportunity and the time
to "try out" their own ideas.

Children plan and carry out
investigations.
1. Children design a way to try out their
ideas, not expectine to be told what to do.
2. They plan ways to verify, extend or dis-
card ideas.
3. They carry out investigations by: han-
dling materials, observing, measuring,
and recording data.

Children communicate using a
variety of methods.
1. Children express ideas in a variety of
ways: journals, reporting out, drawing,
graphing, charting, etc.

2. They listen, speak and write about sci-
ence with parents, teachers and peers.
3. They use the language of the processes
of science.
4. They communicate their level of un-
derstanding of concepts that they have
developed to date.

Children propose explanations
and solutions and build a store
of concepts.
1. Children offer explanations from a
"store" of previous knowledge. (Alterna-
tive Frameworks, Gut Dynamics).
2. They use investigations to satisfy their
own questions.
3. They sort out information and decide
what is important.
4. They are willing to revise explanations
as they gain new knowledge.

Children raise questions.
1. Children ask questions (verbally or
through actions).
2. They use questions to lead them to in-
vestigations that generate further
questions or ideas.
3. Children value and enjoy asking ques-
tions as an important part of science.

Children use observation.
1. Children observe, as opposed to just
looking.
2. They see details, they detect sequences
and events; they notice change, similari-
ties and differences, etc.
3. They make connections to previously
held ideas. O.

Work in progress. Vermont Elementary Science Project.
Trinity College. McAuley Hall. Burlington, VT 05401
(802) 658.3664.
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On The Run
Reference Guide To

The Nature of Elementary Science for the Student

To help answer the question: f students are really "doing" hands-on inquiry based science, what does it look like?

Children View Themselves as Scientists in the Process of Learning.
1. They look forward to doing science.
2. They demonstrate a desire to learn more.
3. The seek to collaborate and work cooperatively with their peers.
4. They are confident in doing science; they demonstrate a willingness to modify ideas, take risks,

and display healthy skepticism.

Children Accept an "Invitation to Learn" and Readily Engage in The Exploration Process.
1. Children exhibit curiosity and ponder observations.
2. They move around selecting and using the materials they need.
3. They take the opportunity and the time to "try out" their own ideas.

Children Plan and Carry Out Investigations.
1. Children design a way to by out their ideas, not expecting to be told what to do.
2. They plan ways to verify, extend or discard ideas.
3. They carry out investigations by: handling materials, observing, measuring, and recording data.

Children Communication Using a Variety of Methods.
1. Children express ideas in a variety of ways: journals, reporting out, drawing, graphing, charting,

etc.
2. They listen, speak and write about science with parents, teachers and peers.
3. They use the language of processes of science.
4. They communicate their level of understanding of concepts that they have developed to date.

Children Propose Explanations and Solutions and Build a Store of Concepts.
1. Children offer explanations from a "store" of previous knowledge. (Alternative Frameworks, Gut

Dynamics).
2. They use investigations to satisfy their own questions.
3. They sort out information and decide what is important.
4. They are willing to revise explanations as they gain new knowledge.

Children Raise Questions.
1. Children ask questions (verbally or through actions.)
2. They use questions to lead them to investigations that generate further questions or ideas.
3. Children value and enjoy asking questions as an important part of science.

Children Use Observation.
1. Children observe, as opposed to just looking.
2. They see details, they detect sequences and events; they notice change, similarities and differences,

etc.
3. They make connections to previously held ideas.

Children Critique Their Science Practices.
1. They use indicators to assess their own work.
2. They report their strengths and weaknesses.
3. They reflect with their peers.

01a5/91 VESP Practice Profile. The Student "it".
04/92 Revised

The Vermont Elementary Science Project is located at Trinity College, McAuley Hall,
Burlington, VT 05401,(802)658 -3664.

The VESP is a grant awarded to The NETWORK, Inc., Andover, MA, by the National Science Foundation.
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CONNECT

Assessment: what is "IT?"
by Gregg Humphrey
"THE ANSWER is not to be found in books
about tests and examinations, but in what is
happening in classrooms every day." This ob-
servation by the well-known British researcher,
Wynne Harlen, is central to our approach to
assessment at the Vermont Elementary Science
Project. It is essential that educators develop
assessment strategies that are effective and that
do not force teachers into unworkable modes of
teaching.

The term "assessment" is applied to a wide
range of methods by which information about
students is gathered and appraised, including
formal testing and analysis. Gathering informa-
tion about children as a result of day-to-day,
informal interactions is part of teaching and is
equally a part of assessment.

For many teachers, administrators. and par-
ents the word "assessment" brings to mind

facilitate the activities as well as to assess con-
ceptual, process, and attitudinal indicators
congruently.

A fundamental piece of assessment occurs as
teachers and students are engaged in the daily
activities of hands-on, inquiry-based science.
Just as teachers listen to students read and diag-
nostically raise questions and suggest strategies
for improvement, teachers interact with children
as they "do science" in order to determine their
progress and plan for future instruction.

Assessment to benefit learning
We need to develop and adopt assessment tech-
niques that match what is valued in science
learning and that reinforce the goals of science
education. For example, rather than just testing
for factual recall, we should assess the extent to
which students can apply the knowledge they
possess. We must develop techniques to probe

for depth of understanding of facts

A fundamental piece of assessment
occurs as teachers and students are

engaged in the daily activities of
hands-on, inquiry-based science.

"testing." It is important to broaden and change
this limited conception of assessment to a wider
view which promotes the growth of science and
math concepts. process skills, and attitudes that
are inherent in effective science and math devel-
opment.

A common misunderstanding is that assess-
ment is something that requires additional
and/or different activities as an adjunct to
teaching. To some it means that teachers have to
stop teaching and withdraw from interaction
with children in order to observe them. Yet with
effective reading and writing instruction, teach-
ers routinely make immediate assessments
based on behaviors and abilities which students
exhibit in the act of reading and writing. These
judgments, or "continuous assessments," often
result in probing questions and other pedagogi-
cal decisions on the part of the teacher. Such
judgments are used in the service of instruction
as well as to monitor and record both short and
long term student development. Similarly, when
students are doing science, teachers can learn to

and concepts, and the ability to use
problem solving skills.

As classrooms increasingly use
hands-on approaches for building
students' understanding of scien-
tific concepts, hands-on
performance can be used to assess

student competencies and skills. Further, we
need to discard the view that assessment is only
done after completion of a unit and for the pur-
pose of giving students a grade. Assessment
needs to be a means for improving instruction,
not just measuring its impact. Day-to-day
assessment can serve instruction by helping
teachers monitor the progress of students in sci-
ence so that adjustments to enhance student
learning can take place. tr.

GREGG HUMPHREY is the Technical Assistance Specialist
for the Vermont Elementary Science Project. His article.
"The Nature of Elementary Science: What Does Look
Like?" appeared in the September 1991 issue of Connect.

"Assessment in
education has been

criticized for
interfering with the
process of learning.
the analogy being

that of the gardener
constantly pulling
up his plants to see

if the roots are
growing. There is
some truth in this

... but it also
distorts reality to

make a point.
Gardeners do have
to find out if their
plants are growing
and they do this,
not by uprooting

them, but by
careful observation

with a
knowledgeable eye,

so that they can
give them water
and food at the
right times and

avoid either
undernourishment
or over-watering
... The gardener

who does not knot.
what size and

shape a plant is to
be and how quickly

it is expected to
grow will not know
what signs to look

for, and may
mistake a condition

which is quite
normal for one
which requires

remedial action, or
vice versa. We have
to know something

about the
development taking

place in order to
interpret what we

find when we
assess it."

(p. vii)

Seknee: Guides to
Assessment in
Education, 1983,
114ane Harlen
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What's Worth Assessing?

BY MONTE MOSES
Associate Superintendent. Cherry Creek Schools. Englewood. Colorado

0 ver the past several years I have
been involved in alternative as-
sessment projects as a district

leader, principal, and consultant. These
experiences have convinced me that
high quality assessments can enhance
student growth and achievement.

Along the way, I have discovered a
few ideas that others might consider
and use.

First, get clear on what alternative as-
sessment really is. I advise colleagues to
focus their energies on creating "perfor-
mance assessment? as opposed to "al-
ternative assessments" because the
words indicate better the kind of mea-
sures that are needed in today'sschools.
Performance assessments focus on spe-
cific results, while alternative assess-
ments could be virtually anything.

Design tasks that are worth assess-
ing and that provide useful informa-
tion on core district outcomes. Al-
though it sounds easy, not enough
time is spent defining the assessment
task. The tendency is to look for
things easy to measure instead of ask-
ing what is important to assess.

I encourage administrators and
teachers to begin with this question,
"What task could students perform
that would be a strong predictor of
later success in school and life?"
These are the things we should teach,
not just assess!

At Mark Twain Elementary School
in Littleton, Colo., we reached agree-
ment that the ability to research a
topic of social or scientific impor-
tance is one such task. We viewed this
task as very important because it calls
for students to use skills such as read-
ing and writing and to integrate
knowledge from different subjects.
Better yet, it is used repeatedly in all
levels of schooling and walks of life.

We envisioned the research assess-
ment as being much more in-depth
than simply writing a report, which
our students had done a great deal

but with questionable quality. Our
goal was to design an assessment task
and scoring system that would get stu-
dents to move beyond the plagiaristic
tendencies so typical of elementary
school children.

We discovered the "trick" to good as-
sessment isn't getting students to do
something completely foreign. Rather,
it is a matter of being clear about what
quality means.

Linking Instruction
The assessment tasks themselves must
be engaging. Students must be inter-
ested in an assessment task before we
can assume it is their best work, and
then hold them accountable to high
standards of thoughtfulness and self-
direction. Thoughtfulness and self-di-
rection demonstrate the student pos-
sesses more than just knowledge and
skills. They show the student has de-
veloped the attitudinal disposition
needed to apply them.

Administrators must help teachers
develop a tight conceptual linkage
among curriculum, instruction, and as-
sessment. Without this linkage, teach-
ers are likely to view performance as-
sessment as an intrusion into instruc-
tional nine and a diversion from "cover-
ing" the curriculum. The more produc-
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dye mindset is to see performance as-
sessments as "tests worth teaching to."

As performance assessments are
developed, make sure everyone un-
derstands they exist to strengthen
teacher judgment, not replace it. The
information obtained from a perfor-
mance assessment can be quite help-
ful, but it is still up to the teacher to
interpret and use this information.

Another important step is to get stu-
dents involved in self - assessment of
their performance against predefined
standards. Wouldn't it be wonderful if
students could appraise their own
work against standards in a manner
identical to what the teacher would
do? This idea is not at all far fetched.

Start now to create performance as-
sessments. Personal experience is the
key in this endeavor. Until teachers
have struggled with the problems of
task selection and setting standards,
they will not fully appreciate the in-
structional value of good assessment.
The more staff who are involved in
these discussions, the better. Involv-
ing parents and community members
is also a good idea. They can add a lot.

Don't be afraid to make revisions
based on feedback from parents,
teachers, and students. The research
assessment at Mark Twain Elementary
was revised substantially seven times.
We had to swallow our pride, but the
end result was worth it.

After working out the kinks on the
research performance assessment, we
institutionalized it. The assessment
was given to students several times
during their elementary school expe-
rience, in hopes they would improve
from one try to the next. The assess
merit took on the character of "the
big game" and motivated students to
prepare well in advance. Better per-
formance was the result.

Altering Perceptions
Among many obstacles, two stand



out. The first is resources. Thezz:evel-
opment of performance assessments
takes time, and time costs money.
However, the initial funds required
are small in comparison with what dis-
tricts commonly spend on commer-
cial testing, whose value often is ques-
tioned. Also, keep in mind that the
investment in performance assess-
ment is good staff development.

The second obstacle relates to
adult perceptions of students. One
perception can be expressed in the
form of a question, "What will we do
with the students who fail the perfor-
mance assessment?" This question as-
sumes some students cannot learn,
grow, and achieve when expectations
are high. School leaders must con-
front that dangerous assumption.

Tie question also fails to consider
performance assessments are not
one-shot tests. They are tasks worth
repeating regularly because of their
inherent value. Our job as educators Q.

s-

Students participating in New York stats's
fourth grade stir= manipulative skills
assessment are asked to measure objects wing
a rules, double-pan balance, or a thermometen

them to grow and stretch to meet
high standards just as much as an av-
erage or below-average student.

Performance assessments give us a
unique opportunity to raise standards
and help more students to reach

r before. In my mind,
mg.

is to coach students to higher perfor-
mance from one try to the next.

Another obstacle concerns able stu-
dents. The highest score on a perfor-
mance assessment should be set be-
yond the current skill level of even the
best students, an idea which will seem
quite foreign to them. Many of these
able students (and their parents) in-
correctly assume that their work is ex-
cellent because it is better than their
peers, when it may be far below stan-
dards of excellence. Strong students
deserve a challenge that will call upon
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Creating Benchmarks
411 For Science Education

MINIMWOOMMOMNIMO

Andrew Ahigren

for the

Progression-of-
understanding

maps were one

important tool
in coordinating
the research
and information
needed for
creating K-12
science
standards.

project 2061 has been constructing
goals for science, mathematics, and
technology education since 1985.
During our first three years of work,
we recommended what students

should remember by the time they leave
high school. (Science for All Americans
1989). Since 1988. we've been working on
reasonable expectations for students at
earlier grade levels (Benchmarks for
Science Literacy. in draft). This new
volume will include benchmark lists, some
of our "progression-of-understanding
maps.- and essays related to the bench-
mark topics.

We intend the benchmarks to be used by
school districts or curriculum developers

in constructing alternative K-12 curriculum models
adapted to their own populations and circum-
stances. Before we reach that point, though, we
believe some reflection on how we created the
benchmarks can be a stimulus to other curriculum
reform efforts.

The experience of writing benchmarks is highly
stimulating. But make no mistake about it: The
work is difficult, and getting started seems to
discourage many people from the undertaking. Still
the quality of thinking and conversation that goes
on is often impressive, even when the tentative
product may not be.

Benchmark Grades
The National Assessment of Educational Progress
(NAEP) has popularized grades 4 and 8 as bench-
mark grades. and the National Council of Teachers
of Mathematics (NCTM) has followed that pattern
(Curriculum and Evaluation Standards for School
Mathematics 1989). However, the district teams
working with Project 2061 decided that the
psychological distance from K to 8 requires more
than a single benchmark. The end of grades 2 and 5
were recommended as being more meaningful
developmental breaks. and we are designing
benchmarks for those grades.

It is not our intention that 2nd graders should be
subjected to formal, national examinations on their

EDUCATIONAL LEADERSHIP
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progress in science (as seems to be in the cards for
older children). The "feel" of the expectations for
grade 2 is distinctly different from that for grade 5,
so we believe it is important to discourage kinder-
garten teachers from embarking immediately
toward grade 5 goals. By their modest, nontech-
nical nature, grade 2 benchmarks suggest what
students cannot be counted on to know as they
begin grade 3, and this may temper expectations
for what children can learn in grades 3 through 5.

Inferring Benchmarks
In crafting the lower-grade expectations, we drew
partly on an analysis of what ideas would be
needed to achieve the 12th-grade understandings in
Science for All Americans. We also considered esti-
mates of what students are capable of at different
ages, drawing information from the experienced
teachers on our district teams and from researchers
who study how children understand and learn
science. Unfortunately, the availability of
published research on children's understanding of
science is very uneven over different content areas.

We have found that it is seldom possible to
work backward from 12th grade goals one at a
time to create a neat stack of previous levels of
sophistication. Usually there are convergences
(several ideas required to understand a subsequent
idea) and divergences (several ideas depending on
one prior idea). The natural medium to express
such goals is therefore a diagram with boxes and
arrows. We called our speculative charting a
"progression-of-understanding map" (to distin-
guish it from the "concept map" currently popular
in science education).

Figure 1 is an example of a draft of a progres-
sion-of-understanding map, depicting ideas related
to a section on the structure of matter (Science for
All Americans, Chapter 4: "The Physical Setting").
Reading from bottom to top, the map shows a
rough progression in time, beginning from notions
students hold when they enter school. When we
sketched this map, the sequence of ideas was more
important than tying ideas to any particular grade.
Estimation of approximate grade placement for
each idea usually came later.
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The toughest part of the map was in the middle.
Without the firm gu'dance of research on many
topics, we were in the same place as the Geography
Task Force of the National Council on Education
Standards and Testing when they wrote: "It was
difficult to set 8th grade standards, other than indi-
cating that students should be expected to know
more than they did in the 4th grade and less than
the 12th grade" (Raising Standards for American
Education 1992, p. L-4). Compounding our uncer-
tainty was the possible difference between what
children could be expected to do now, with their
current history in the school system, and what 5th
or 8th graders eventually might be able to do if
they had optimal experiences.

When we began mapping. we intended to cover
one conceptual strand at a time, leaving some loose
ends that would later connect to other strands. For
example, the structure of matter shows obvious
connections to the flow of matter and energy. The
structure of matter was a whole section in Science
for All Americans, and perhaps it was too large a
conceptual chunk to represent comfortably on a
single map. (Notice that it is incomplete in fig. 1.)
It soon became evident that a progression-of-
understanding map for a single strand was already

Unfortunately,
the availability of
published research
on children's
understanding of
science is very
uneven over
different content
areas.

more complex than most people would find
inviting.

Software support for constructing each map and
for making connections among them would be very
helpful (and we now have a grant to develop such
software). We intend to create a curriculum
resource data base that will link appropriate parts
of the progression-of-understanding maps, giving
users the option of choosing the complexity of
information they want to consider. The resource
base would also link benchmarks to blocks, to
activities and materials, and to appropriate assess-
ment suggestions.

We plan to accompany benchmark lists with
essays that will call attention to the progressions of
various strands and connections among them. For
example, the essay accompanying the benchmarks
for the structure of matter would draw attention to
the parallel development of four different strands:
properties of substances, combinations of parts,
invisibly small pieces, and conservation of matter.

Essays, which are being prepared by our teams
and staff, will also draw on the available educa-
tional and psychological research, calling attention
to difficulties that students are likely to have at
each level and, in particular, to persistent previous
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Figure
literacy Goal: The Structure of Matter

The following example of an essay and
benchmark list is taken from the draft of
Benchmarks for Science Literacy (in
draft).

Students will learn about the nature of
atoms and molecules and the structure
of matter.

Of all sections, this one may have the
most implications for students' eventual
understanding of the picture that
science paints of how the world works.
However, it may also offer the most diffi-
culties. The theory of atoms and
molecules is powerful in explaining our
world, but it requires bringing together a
number of lines of evidence and imagi-
nation: about the properties of materials
and their combinations, changes of
state, effects of temperature, behavior
of large collections of pieces, the
construction of objects from parts
even about the desirability of simplicity
in explanation. All of these should be
grasped by children during middle
school, so that the unifying ideas of
atoms can be developed by the end of
grade 8.

The scientific understanding of atoms
and molecules requires students to
entertain the notion that all visible things
are composed of invisible particles.
Another notion is that everything might
be made up of a relatively few ingredi-
ents. An idea preliminary to this is that
materials combined in different ways
can have different properties. And still
preliminary to that is the very notion of
'properties" of materials.

Parallel to consideration of properties
of combinations is the notion that the
bulk properties of materials can be very
different from the properties of their
minute partsan idea counter to the
students' intuition.' And parallel too is
the idea of an unchanging total amount
of matter, beginning with the evidence
that total weight stays the same during
all sorts of cnanges in materials.2

Grades 3 through 5
The study of materials should continue
throughout these years but become
more systematic and quantitative.
Students should design and build things
that put different requirements on the
properties of materials. They should be
expected to write clear descriptions of
their designs and experiments, present
their findings whenever possible in
tables and graphs (designed by the

students, not the teacher) and enter
their data and results in a computer
database.

Students should measure (weight,
dimensions, temperature), estimate
(dimensions, weight, population size),
and calculate (area. volume, population
size) using hand-held calculators when
necessary.' With magnifiers, they should
inspect substances composed of large
collections of particlessand, spices,
powdersto discover the unexpected
details at smaller scales. They should
observe and describe the (sometimes
solid-like, sometimes liquid-like)
behavior of large populations of
piecespowders, marbles, sugar
cubes, or wooden blocks.

By the end of the 5th grade, students
should know that

Heating and cooling cause
changes in the properties of materials.
Many kinds of changes occur faster
under hotter conditions.

However parts are assembled, the
weight of the thing made is always the
same as the sum of the pans: and when
a thing is broken into parts, the parts
together weighed the same as the orig-
inal thing.

Materials may be composed of
parts that are too small to be seen
without magnification.

When a new material is made by
combining two or more other materials,
it can have properties that are different
from any of, them. For that reason, a lot
of different kinds of materials can be
made from a small number of basic
kinds.

A collection of a large number of
pieces may keep its shape or flow like a
liquid, depending on how the pieces
stick together or how they are stacked.

'Brook et al. 1984, Driver 1987.

'At the beginning, children nave various
ideas about what is 'matter.' For many, gases
and even liquids are nix seen as having weight

or as being matter (Lee at al. in press. Driver

1987. Stavy 1990). Very tiny solid particles are
also not seen as having weightbecause their
weight cannot be felt (Smith, Carey, and Wiser

1985. Carey 1991)..

'Research shows that children may consider
anything so light that they cannot feel its weight

to have no weight at all (Smith, Carey, and

Wiser 1985: Carey 1991). Lots of weighing on

increasingly sensitive balances. including
weighing piles of small things and dividing
them to find the weight of each. will help.
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122

conceptions that may interfere with
learning (see fig. 2). We are still
uncertain about flow far essays should
go beyond suggesting appropriate
kinds of instruction. (The research has
much less to say about instruction to
overcome difficulties than about the
difficulties themselves.)

Southmark Adjustments
Once in the thick of producing bench-
marks, occasions will arise when a
benchmark statement doesn't seem
well suited to its designated grade
level. The easiest option is to move the
benchmark intact to another grade
level, making adjustments to any
benchmarks connected to it.

A second option is to rewrite the
statement at a level of sophistication
more appropriate to the current grade
level, but this is more than a stylistic
transformation. Grade adjustments can
seldom be made so simply as
changing the vocabulary. Rewriting
usually requires rethinking what
students should be able to doin their
heads or behaviorallyat that level.

A third rewriting option is the most
difficult butprobably the most fruitful:
tease apart the substance of the bench-
mark and create two new ones,
keeping one at the current level and
putting the other at a different one.
Again, merely making style changes
in language won't change the
substance of the benchmark. One must
reconsider what students could under-
stand and what the likely sequence of
understanding is.

Knowledge vs. Belief
Research shows that children may
understand a scientific explanation of
phenomena before they believe it (for
example, Hewson and Hewson 1992,
Osborne and Freyberg 1985). The
longer the time gap between being
able to state an idea and eventually
believing it. the greater the problem
for writing benchmarks. Should a
benchmark about children's ability to
explain something specify that they
can produce a scientific explanation,
or should we try to require their accep-
tance of it as well?



From a philosophical point of view,
Project 2061 would prefer to require
knowledge rather than belief. A
similar dilemma appeared in writing
the "Values and Attitudes" section in
Science for All Americans. We
rejected the goal that everyone should
like science, mathematics, and tech-
nology or should believe these
endeavors are of net benefit to
humankind. We agreed instead on the
goal that students' attitudeswhether
they turn out to be positive, negative,
or neutralshould be based on a
sound understanding.

A poignant case might be that of
evolution through natural selection.
We can reasonably require that
students understand what the scientific
theory is, but do not have to require
students to believe that is how present
life on earth necessarily came to be.

Final Thoughts
Benchmark drafts should be tried out

with a variety of readers, not just for
approval or minor editing, but to see
how they are likely to be interpreted
and used. Writing good benchmarks
may not require setting fixed rules as
much as it requires being continually
vigilant about how one's intent might
be misunderstood.

Researcher Pat Heller (of the Univer-
sity of Minnesota) summarized the task
for us after a recent writing retreat:

Make benchmarks not so specific
as to be limiting and not so general
that no one is quite sure what you're
talking about.

Have a clear sequence where
necessary within a grade level.

Have a progression from one
grade level to the next that illustrates
increasing sophistication.

Show connections between
benchmarks under different goals.

Write them to be developmentally
appropriate, assessable, and relevant
to the child's world.
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Assessment,
Practically Speaking

How can we measure hands-on science skills?

By Lehman W. Barnes and Marianne B. Barnes

THOUSANDS OF ELEMEN-

lazy school children busily
do hands-on science ac-
tivities every day. They
observe and classify ob-
jects, measure length,

volume, and mass, collect and record
data, and manipulate materials. These
students know that science involves
both doing and communicating. But
as they prepare for science tests, what

have students come to expect? Are
they being assessed on all that they've

learned?

The Motor-and-Wires Kid
Jimmy was thrilled when we began a
science unit on electricity and mag-
netism. I had assigned the first 11
pages of chapter four and was begin-
ning to discuss the main ideas of the
unit. Suddenly Jimmy burst out, "1
have a couple of motors at home, could

I bring them into class and show them
to everyone? Or one of the 'electric
magnets' I made last summer? I saw a

picture of one in a book about science

at the grocery store. All you need are
some wires, a nail, and a battery."

"Sure Jimmy," I said, glad to see
him excited. "Bring in your motor:
and wires."

The next day, as I was unlocking
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Doing a hands-on biology activity.

the class door, I heard the rush of
footsteps. There was Jimmy with a

large paper bag containing all kinds of
stuffbatteries, motors, wires, nails,
pliers, and tape. "When are we having
science today?" he asked me. His ex-
citement was evident as he pored
through his bag.

Teachers thrive on flexibility, espe-
cially in response to student enthusi-
asm, so I began science right after the
morning announcements, a time usu-
ally reserved for language arts. Jimmy
showed his classmates the motors,
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batteries, and wires, demonstrated how
to build an electric magnet, and built
an electric circuit. He eagerly shared
the contents of his bag with the other
students, most of whom-were equally
eager to learn what he knew about the
motors.

During the next two days, with the
class's interest and excitement levels
staying high, I introduced the main
ideas of the science unit and, thanks
to Jimmy, got the whole class involved
in creating series and parallel circuits.
I ended the activities with a brief review
for Friday's science test.

What Does My Test Test?
The comprehensive testvocabulary,
labeling, matching, multiple-choice,
true-or-false, short-answer, and puzzle
questionsaccurately assesses stu-
dents' mastery of the verbal aspects of
the science unit. Jimmy did well that
Friday, especially on the short-answer
questions. His answers were complete,
and he even included drawings of his
two setups. At the bottom of his test
paper he wrote, "I think I know a
whole lot more, but I can't show you
on this kind of test."

Jimmy's comment struck me. The
test lacked an opportunity for students
to demonstrate what they had learned

MARCH 1991



of science would be better evaluated
in such a manner. For example, think
about evaluating science skills in the
following scenarios:

working with basic science equip-
ment, such as a thermometer, a triple
beam balance, a meterstick, a grad-
uated cylinder, and a stopwatch;
performing laboratory skills and pro- tab
cedures, such as working with a rial

magnifying glass or microscope, ger

heating or filtering a substance, qtu

mixing a solution, or measuring suc

rates; inc

observing and classifying three- or
dimensional objects, such as shells, ma

rocks, plants, and animals (currently, un
most assessment tests employ visual net

observation only in two-dimensional ple

settings); or
collecting and recording data in bet

tables, charts, and graphs that stu- sit!

dents create themselvessuch bu,

graphs could reflect temperature tat
changes over time, heartbeats per
minute, or a ratio of the manipulated sys

variable to a responding variable: ccy

designing experiments and perform- in)

ing investigations from a set of we

materials and a specific question
(Which paper towel will hold the tin

most water? How can you make the Ve
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Getting
Connected to
Science

by Candace L. julyan

Dr. Candace L. Julyan is Project Director of the
NGS Kids Network and Principal Investigatorf
Project Director of NGS Kids Network/Middle
Grades.
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Consider how you first became interested in science. Perhaps your
interest grew from a curiosity about a particular phenomenon or organism.
Satisfying that curiosity, or what David Hawkins (1%7) calls "messing
about," often resulted in some type of relatively unstructured exploration led
by your own questions rather than the questions of others. Unfortunately,
messing about is not a common practice in many science classrooms today.
Students are more likely to be introduced to organisms and phenomena
through text-based lectures rather than through their own observations. The
result of our current science curricula is not only a lack of interest in science as
a profession but also a lack of scientific understanding.

Data from numerous studies (such as Bell and Brook, 1984; Duckworth et
a1.,1985; Julyan, 1988) suggest that knowing correct terms does not help
students make sense of their observations. In fact, in many cases scientific
terms may be used to mask confusion.

Although I am certainly not suggesting a classroom ban on scientific
terms, I do suggest that we reconsider their importance. The difference
between memorizing vocabulary words related to science topics and under-
standing various phenomena is considerable. Certainly those of us involved
in science and science education realize the difference and are striving for the
latter. Science-as-vocabulary requires less effort on the part of both the
teacher and student, but it also provides fewer rewards.

Students are also aware of the difference and, if given the choice, they too
would strive for understanding. This point was highlighted for me several
years ago by a high school student who was participating in a research study
on how students make sense of a complex system (Duckworth et al., 1985). To
examine this research question, my colleagues and I had devised a number of
experiments featuring helium balloons weighted with enough strands of
string so that the string dragged on the floor. The students' task was to
explain why a balloon's position in the air changed as they did various tasks
such as tying knots in the string, cutting the string, and putting the balloon on
a table.

Early in the study, one student made it clear that she would not accept a
scientific term as an explanation for what she was seeing. Several students
consistently used the word "gravity" to explain anything that they could not
easily make sense of otherwise. This particular student protested that expla-
nation vehemently, exclaiming that she had never understood what gravity
was and that the word certainly did not help her now as she worked with the
balloons.

After several weeks of experimenting, the balloons continued to surprise
her, and her frustration at her lack of understanding was often visible. One
day, she turned to me demanding to know if I intended to tell her "the
answer." When I asked her to state the question, she seemed momentarily
stumped but then stated that she wanted to know why the balloon behaved
in the way that it did in all the various experiments she had conducted.
Although certainly willing to answer her question, I said that I wanted to be
dear about what she wanted. Did she want words that explained the
phenomenon or did she want to understand it herself? There was a long and
poignant silence in the room. Finally, she turned and quietly said that the
words were not what she wanted, she really wanted to understand.

Although most students might not articulate the dilemma as clearly as this
student, many share her desire to understand, not just to know, the correct
words. One way to promote both understanding and the value of scientific
terms is to give students an opportunity to mess about in their science classes,
to become participants in constructing their knowledge. Inquiry-based
activities are certainly not the fastest way to approach science learning. The
faster and more efficient approach is definitely text-based, lecture-based
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classes. However, this more common
approach does not appear to be ter-
ribly effective. Students' notions about
scientific topics often differ from those
of scientists and form a coherent fabric
of understanding that has its own in-
ternal logic. A presentation of new,
sometimes conflicting, information by
a teacher does not necessarily change,
or even challenge, students' initial
ideas about the topic This is an impor-
tant point to keep in mind students
do not learn simply by being told.

One of TERC's goals through the
years has been to encourage educators
to consider the possibilities and the
strengths of "messing about" in science
and mathematics. For the past several
years we have taken a new perspective
on student inquiry through the
projects we call "network science." The
basic premise of these curricula is that
students can and should be scientists,
that they can and should converse with
real scientists about their work, and
that computers can enhance this

79/N

:1 G ;

:4 at -
.At i

ItAirAt
411.

'2 /X

from National Geographic Kids Net-
work to Star Schools to Global Lab.
Although each program has unique
characteristics, as a group they repre-
sent an exploration into the power of a
particular way of messing about. Most
of the units in these supplemental
curricula focus on an environmentally-
oriented topic, such as acid rain, trash,
water quality, or radon. Students
usually begin their study by examining
the topic in the context of their local
community and then expand their
inquiry by exploring it within the larger
national and international picture.
Students collect some type of data
(survey or measurement), share those
data through telecommunications with
other classes collecting the same data,
and finally make sense of those data
using computer (and non-computer)
tools. As much as possible, we have a
scientist, a professional with expertise in
the unit topic, available to the students
to help them consider the questions
raised by the data.
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TERC Star Schools students working intently on their group project.

enterprise. Students conduct experi-
ments, analyze data, and share results
with their colleagues using a simple
computer-based telecommunications
network This collecting and making
sense of data gives the students an
opportunity to experience the excite-
ment of science that scientists feel.

Our network projects are diverse,

*
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We view the computer as an impor-
tant tool in these inquiries, providing
students with help in both data collec-
tion and analysis. The typical computer
configuration features a word proces-
sor, a record-keeping data section, a
graphing utility, a complete telecom-
munications package, and map soft-
ware with data overlay.

Our network science projects have
generated an enthusiastic response on
the part of both teachers and students.
One NGS Kids Network teacher
explained network science as "an nafj)
awesome concept, a truly revolutio
idea for education at a time when it is so
badly needed." At present we have
tested these materials in approximately
5,000 classrooms across the United
States and at a growing number of
foreign sites, including Argentina,
Australia, Canada, Hong Kong, Israel,
the Soviet Union, and Zimbabwe. Data
from our various evaluations suggest
that network science is a lively and
appealing way to approach science.
From these data we have come to have
a number of "beliefs" about the possi-
bilities of this approach. We offer them
as points for consideration and discus-
sion for a wide audience of educators,
from teachers to administrators to other
developers.

Data collection and analysis
provide an effective backbone
around which to study science.

In addition to the expected learnin
about the particular subject covered
the units, teachers and students re-
ported numerous examples of scientific
thinking generated by the simple act of
collecting and making sense of data. In
many instances, units begin by asking
students to consider definitions, not as
vocabulary exercises but as an impor-
tant aspect of understanding data.
Students in one fifth-grade class,
preparing to collect data on trash, spent
considerable time deciding whether
"used" was different from "you don't
need it anymore." The longer students
discussed the difference, the more they
realized the connection between trash
and people's personal habits. This class
finally agreed that trash was "some-
thing that has used its purpose."

This definition matched the thinking
of some other classes that defined trash
as "something no longer useful to a
person" or "useless, worthless, worn
out, unwanted, and of no value to you."
Other classes' discussions about trash.
seemed to look at trash in a slightly
different way as they considered trash
in relation to waste reduction solutions.
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These students defined trash as "any
object that a person doesn't want or has
no further use for, or that is not being

vcled, reclaimed, repaired, or
graded or that may pollute the

earth" or "waste, scraps, garbage, litter,
old things that are no longer in use,
spoiled and ruined things, and things
that can be recycled but weren't." As
students continued the unit and shared
data about the actual trash collected,
they also considered the ways in which
students' and communities' ideas
about trash might affect the actual data.
The exercise of considering all the
complications of data collection and
analysis is a vital step in the students'
understanding of science.

Another example of the type of
scientific understanding that data
collection generated came from a
fourth-grade class. These students
realized that although their data and
those of their teammate school were
both about pets, they could not com-
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A hands-on activity of the NGS Kids
Network

pare data. One class had collected the
number of students who owned each
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i of pet; the other had collected the
nber of each kind of pet. The class

earned a great deal about the impor-
tance of comparable data. a concept

6

that many high school students might
find difficult

Technology greatly enhances
dassroom inquiries.

In many ways technology can pro-
vide an important link between science
in practice and science in classrooms.
Through the power of telecommunica-
tions, students are motivated to
collaborate and share data and ideas
with other students from all around the
world. By using microcomputers for
computations, students are able to
manipulate their findings and explore
their ideas in more sophisticated ways
than their computational skills might
have permitted otherwise. And
telecommunications offers a unique
and manageable opportunity for
scientists to communicate with science
classrooms. The technology expands
these classrooms by eliminating the
limitations of both time and distance
that would otherwise restrict this type
of communication.

Students involved in a network
science project about radon were able
to collect readings in their town,
compare those readings with other
towns around the country, and con-
verse with a scientist at the Environ-
mental Protection Agency about their
questions regarding the differences
they found in wooden and stone
houses. A text-based study of radon
would not have provided them with
the variety of opportunities to consider,
reconsider, and talk about their ideas
on this topic. In tl Lis case, technology
provided the tools for analysis, as well
as an opportunity for expanded
communication.

Network science helps a larger
proportion of students feel
confident about their ability to
understand science.

This point is addressed in several
ways. Many teachers reported that
students were motivated and eager to
participate in the curriculum activities,
even, or perhaps especially, those
students who rarely participated in
science class. One teacher told the story
of a low ability" student who gained

enormous credibility in class when he
proposed his idea about the wide
discrepancy between the over 120 pets
owned by his Auburn, Maine, class and
the fewer than 25 pets owned by a class
on his research team in New Orleans.
Whereas other students had explained
the difference as something related to
the weather or the availability of pets in
Louisiana stores, this student thought
that perhaps the school was located in
an area surrounded by government
housing. He explained that pets are not
allowed in this type of housing. This
simple piece of information from a
fellow student, not from the teacher or
a textbook, helped students make sense
of the data and generated a letter to
find out if this student's theory was
correct. As you might imagine, his idea
also increased the student's credibility
with his peers, his teacher, and perhaps
himself.

We received other reports of in-
creased student self-esteem that are of a
very different nature. Teachers reported
that students felt a real sense of owner-
ship about their work. The most
extreme examples came from two
teachers who reported that their classes,
both filled with "average" and "below
average" students, protested upon
learning that their teacher was planning
to present the NGS Kids Network
curriculum at a professional conference.
These students argued that because it
was their work, they should be the ones
presenting. In one case the teacher took
the students with him; in the other, the
students made an acetate filmstrip and
accompanying audio tape that the
teacher used in her presentation.

Science teachers participating in our
network science programs consistently
report increased involvement in
classroom work by all their students,
particularly those who previously had
been academic underachievers. One
teacher in the Star Schools project
reported that one such student "has
taken a complete change in personality
and performance after his [solar] house
was one of the most successful. He just
displays a confidence that I didn't see
before this unit. Learning styles were so
evident to me while observing my
students complete the unit. It gives me
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new insight into better teaching
methods."

Students' work in classroom
inquiries is of interest to the
local community.

Network science classrooms are
filled with visitors interested in the
students' work The list is long and
varied and includes principals, other
teachers, superintendents, school board
members, parents, university profes-
sors and their students, and both
television and print journalists. These
visitors are interested in what the
students are doing, both in terms of the
telecommunications activities with
other schools and the data they are
collecting, particularly when the data
are about larger environmental
concerns such as acid rain. This type of
interest motivates both teachers and
students, who appreciate having an
audience for their work.

The work of a science classroom
is of interest to the scientific
community.

The scientific community has been
both supportive of and enthusiastic
about all our network science projects.
Many scientists have given hours of
their time exploring the types of
research students might do that would
offer valuable data to existing studies.
Dr. John Miller, the deputy director of
the acid rain disposition unit of the
National Oceanic and Atmospheric
Administration (NOAA) and the unit
scientist for the NGS Kids Network
Add Rain unit, is an excellent example.
(See "Scientists in Science Education:
An old idea with a new approach" in
Hands On!, Spring 1989.) Dr. Miller
corresponded throughout the unit with
his elementary-level "colleagues" and
included the NGS Kids Network data
as an appendix to the NOAA 1988
report on acid rain. In addition, he
regularly discussed this project with
his colleagues around the world.

Perhaps the most compelling
example of the serious interest that
scientists have in student-collected data
took place at the annual meeting of a
United Nations steering committee

concerned with the long-range trans-
mission of air pollutants. As the United
States representative to this group, Dr.
Miller presented an overview of the
various networks in North America
that are concerned with acid rain.
Within this context, he introduced his
colleagues to the NGS Kids Network
project and was surprised to find that
they expressed considerable interest in
the network, wanting to know how
students made the measurements and
if the data would be available for
comparison with NOAA data. We
have found that this level of profes-
sional interest is not unusual. Scientists
are interested in student measure-
ments, particularly when the data
cover a wide geographical area.

In these times filled with reports of

In these times filled
with reports of the
grim realities of
science education,
our work with
network science
projects has given
us considerable
hope about the
possibilities for real
change.

the grim realities of science education,
our work with network science projects
has given us considerable hope about
the possibilities for real change.
Instructional materials that center
around the collection and analysis of
data not only give students a more
accurate picture of the scientific
enterprise, but they also give students
an opportunity to examine and
construct understanding of the topic
under study. This approach offers
them a collective opportunity for
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messing about in science. In addition, if
this type of investigation is linked to
real environmental concerns, the
students' work becomes valuable
community information, not just an
empty school assignment

One high school student involved in
a Star Schools project described what
he felt was the difference between his
usual science class, which was lecture-
and text-based, and his work in a
network science study. It wasn't like
writing data charts, because data charts
are really easy, you just copy things
from the board or you do math. But
[in] this [program) you have to sit
down and think. You had to use your
brain a little more than usual, so that's
how it was different... I think if we
hadn't done the radon activity, I
wouldn't have to use my brain at all
the whole year. This is the only time
that I really had to think-- I had to
struggle a little, you know, and I'm not
really used to doing that in science."
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What role does assessment play in effective
science instruction?

Assessing student progress and instructional quality is an
important part of science education. One thing must be made
dear from the outset: assessment encompasses more than
testing, and much more than standardized testing. It indudes
such techniques as systematic teacher observation and so-called
"authentic" assessment, in which the tasks assessed more
closely parallel the learning activities and outcomes that are
desirable in the science classroom.

Assessment fulfills many functions, from helping teachers make
day-to-day classroom decisions to providing parents, the public,
and policymakers with information about the overall effective-
ness of a science program. In the classroom, most teachers use
combinations of teacher-made or end-of-chapter tests and their
own professional judgments for day-to-day instructional deci-
sions. They use standardized tests for broader assessment
purposes.

New approaches to science teaching and learning have
expanded the role of assessment. Consequently, some teachers,
schools, districts, and states are trying out a broader range of
assessments and using assessment in new ways. For example,
in an effective science classroom, a teacher might use assessment
to fulfill any or all of the following purposes:

Find out what students know and can do before instruction
begins.

Determine how they are progressing toward learning goals.

Identify which strategies and thinking processes students use
to reach answers or conclusions.

Pinpoint which questions to ask to determine how well
students are integrating new information.

Establish what students have learned after a specific period of
instruction.

Motivate students.

Inform parents about their children's learning.

Evaluate the effectiveness of special interventions.
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New approaches to
science teaching and
learning have expanded
the role of assessment.
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When used
simplistically or
inappropriately,
assessment can...
negatively affect
students' perceptions o
themselves as science
learners.

Signal to students the areas in which they need to improve.

Communicate teacher expectations about what is important

Determine whether they need to alter their teaching.

Schools, school districts, states, and the federal government also
use assessment to monitor the effectiveness of teachers, schools,
districts, and special programs, and to make policy decisions.

Assessment can be a powerful influence on curriculum and
instruction, for good and for bad. The format of the assessment
and the uses to which results are put can guide how teachers
teach and students study, especially when applied to "high
stakes" decisions such as allocation of resources, admission to
special programs, or receipt of a high school diploma. When
used simplistically or inappropriately, assessment can drive
teaching and learning in unhealthy directions and can nega-
tively affect students' perceptions of themselves as science
learners.

Many researchers have become deeply concerned that assess-
ment is not being used well in most science education programs.
Concerns center around whether assessment instruments, such
as norm-referenced, standardized tests, are being used for too
many purposes for which they were not designed, and whether
the results of tests are being misunderstood and misapplied.
Some researchers have asserted that the most common assess-
ment formats, particularly conventional standardized tests,
reinforce outmoded or ineffective instructional practices. For
these and other reasons, many argue that assessment is an area
of science education that is ripe for reform. pig
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How do standardized tests affect science teaching
and learning?

Paper-and-pencil tests, typically standardized multiple-choice
tests, are the primary assessment tools in most science class-
moms. Standardized tests have advantages of efficiency for
testing large numbers of students, and many people perceive
them as a more objective and reliable measure of achievement
than assessments that rely more heavily on individual human
judgment.

Recently, however, standardized science tests have come under
strong criticism. Many researchers argue that conventional
multiple-choice tests are questionable proxies of science knowl-
edge. Because they do not ask students to generate their own
answers, the tests do not measure scientific thinking. And
because they have a single right or wrong answer, they reinforce
the misleading conception of science as a static body of facts.
Further, they do not assess laboratory skills at all.

Many of the standardized science tests are norm-referenced,
ranking individual performance against that of a larger group.
This, too, concerns some analysts, who say it perpetuates the
notion that only a few students the top scorers are smart
enough to pursue science. Researchers also raise questions
about how well standardized tests measure the performance of
students who are outside the cultural mainstream.

Of even greater concern to many researchers are the ways in
which standardized tests may drive instruction in less effective
directions or affect children in negative ways. Some researchers
contend that conventional standardized tests, by sampling a
breadth of content in a superficial and unconnected way, actu-
ally reward instruction that drills students on low-level facts and
name recognition. In a high stakes testing situation, some
studies have found that it is not uncommon for teachers to give
teacher-made tests that imitate the format of large-scale assess-
ments. Even schools that have implemented many of the
reforms described in this document find their efforts under-
mined when standardized test scores are what "count."

Responding to these criticisms, researchers and test publishers
are developing new forms of tests, including multiple choice
tests that require students to justify their answers or that assess
thinking processes, open-ended answer tests, and performance
assessments. log
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Because they do not
ask students to
generate their own
answers, the tests do
not measure scientific
thinking.
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What are some good or promising methods of
assessment being used in science education?

Students might be
asked to do a
laboratory experiment
or to solve a real-life
problem.

Aware of the limitations of conventional tests, researchers and
practitioners are developing and implementing new forms of
assessment that seek to better reflect the goals and processes
recommended for effective science instruction, although these
new assessments have their own weaknesses.

Several of these new forms fall under the umbrella called perfor-
mance assessment, in which students create an answer or
product that demonstrates their knowledge or skills. Many of
these are hands-on in nature. Students might be asked to do a
laboratory experiment or to solve a real-life problem. Through a
series of systematized observations and questions, teachers or
outside evaluators would observe and evaluate both the pro-
cesses the students use and their understanding of the major
concepts involved. In this type of assessment, students may
work together or separately, using the equipment, materials,
and procedures they would use in good, hands-on science
instruction.

Another type of performance assessment that works well for
students who are verbally or visually oriented is the presenta-
tion, which could be in the form of an oral presentation or a
poster paper. This latter format mirrors the way many scientists
present findings. Authors create posters explaining ideas; these
posters might include graphs, photos, maps, or drawings, as
well as some text For example, students might develop a poster
that explains how a local river evolved to its present state and
how it might be protected.

A related form of assessment is systematic teacher observation,
in which teachers scientifically observe and record student
behaviors as they carry out meaningful tasks. Still another type .

of performance assessment being pioneered in science requires
students to amass a portfolio of their work over time, which
might include lab notes, science journals, and other written
products, or graphs and charts of laboratory findings.

Research literature is also giving greater emphasis to student
self-assessment and peer assessment techniques, in which
students for themselves or others reflect on experience,
attempt to understand what took place, and make judgments
about what was learned.
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Integrated computerized systems, which track and report stu-
dent performance at the same time students are learning, is a
growing approach to assessment. Paper-and-pencil tests are
also being revamped to allow for more open-ended and
student-constructed responses.

All of these assessments attempt to meet criticisms of current
testing practices and to focus attention more on processes and
thinking skills. Many of the performance assessment models
meet the added criteria, emphasized in research literature, that
assessment should closely resemble instruction and differ only
in purpose. In addition, they provide much richer knowledge
on which teachers can base instructional decisions.

Performance assessments have drawbacks, however. First, they
require staff development for teachers who will implement,
score, and use the results of the assessments. Second, they are
considerably more expensive to administer than conventional
tests. Third, they take more time from the school schedule to
implement some may last over several days. Fourth,
although it is possible to standardize performance assessments
to allow for comparisons among groups, it is a demanding
process and is still in the experimental stages for many types of
assessments.

Finally, it is difficult to correlate performance assessments from
one task to another or to use performance assessment to project
future student performance. And that is one major function of
standardized testing. pzi

Many of the performance assessment models meet the added
criteria...that assessment should closely resemble instruction
and differ only in purpose.
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How can science assessments be better linked to
instruction?

Assessment that does a
good job informing
instruction should have
several features.

Some researchers and educators look forward to the day when
there will be a "seamless web" of instruction and assessment in
which assessment is no longer be a distinct activity but is "built
into" students' regular learning experiences, virtually indistin-
guishable from instruction. In this vision, students and teachers
receive ongoing feedback as needed during the instructional
process. Assessment for classroom purposes (as opposed to
external monitoring purposes) is a routine, non-threatening
process.

This vision mils upon students, teachers, and administrators to
look at assessment in a different way. Teachers must under-
stand that the primary information will not be quantitative, but
will provide a rich portrait of student strengths and weaknesses.
In addition, assessment to inform instruction does not have to
compare students to one another, which means that student
approaches and responses to a problem may look very different
and still be correct. Students, especially high school students,
will be encouraged to be the primary users of assessment
information in their own learning.

Assessment that does a good job informing instruction should
have several features. It should measure the processes students
use as well as the answers they reach. It should measure all of
the goals of the curriculum, not just a few. It should address
both group activities and individual ones. It should be devel-
oped by, or with ample input from, teachers and should include
teacher professional observation and judgment. Perhaps most
importantly, it should draw upon information from multiple
assessment sources, including but certainly not limited to tests.

Finally, assessment to inform teaching and learning should have
a strong self-evaluation component for both students and
teachers.

13
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What We've Learned About
Assessing Hands-On Science

Assessing scientific inquiry is more complex
than political rhetoric pushing performance
tasks Lulicates, this team of scientists found.
And, unless carefully crafted and blended into
science instruction, assessments alone are
unlikely to boost achievement.

RICHARD J. SHAVELSON AND GAIL P. BAXTER

Over the past three years, our
team of researchers. scientists,
and science teachers at the

University of California, Santa
Barbara, the California Institute of
Technology, and the Pasadena Unified
School District has sought to create
assessments that support good science
teaching at the elementary level
(Baxter et al. in press; Shavelson et al.
1991). In particular, our goal has been
to develop activities that permit
students to pursue an experimental
inquiry focusing on process skills
(such as observing and inferring) and
construction of new knowledge (such
as understanding the effects of insula-
tors on electric current). In our defini-
tion, assessments consistent with good
teaching invite students to perform
concrete, meaningful tasks such as a
laboratory experiment to determine,
for example. how certain kinds of
insects respond to changes in environ-
ment. Scoring of performance focuses
on the reasonableness of the procedure
used to carry out the investigation, not
just on the "right answer."

In our work, we assumed that the
ideal assessment would be direct

20

observation of a student pursuing a
scientific inquiry with laboratory
equipment and materials. This obser-
vation would be made by scientists
and science teachers trained to score
performance in real time. That is, the
ideal was predicated on the assump-
tion of the symmetry of teaching and
testing.: an ideal assessment would be
a good teaching activity and, indeed.
might even serve as a teaching activity
when not used for assessment.

However, observations of individual
student performance are costly, time
consuming, and difficult to obtain.
With the ideal performance assess-
ment as a benchmark, we developed
and evaluated alternatives (or surro-
gates) to the benchmark. They were, in
order of decreasing verisimilitude, (1)
lab notebooks in which students
recorded their procedures and conclu-
sions; (2) computer simulations of the
hands-on investigations; (3) short-
answer paper-and-pencil problems in
planning, analyzing, and/or inter-
preting experiments; and (4) multiple-
choice items developed from observa-
tions of students conducting hands-on
investigations. Finally, we compared
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the benchmark and surrogate assess-
ments to a traditional multiple-choice
science achievement test, the Compre-
hensive Test of Basic Skills (CTBS).

We developed and collected data
using three hands-on investigations:

Paper Towels Given laboratory
equipment, conduct an experiment to
determine. which of three different
paper towels soaks up the most water.

Electric Mysteries Given six
"mystery boxes," determine their
contents by connecting electric circuits
to them.

Bugs Determine sow bugs'
preferences for various environments
(for example, dark or light, dry or wet).

The performance of more than 300
students, some experienced in hands-
on science and some who had received
minimal science instruction from a
textbook on health, was observed and
scored in real time by science educa-
tors. In addition, all students
completed corresponding notebooks,
computer simulations, paper-and-
pencil measures, and the CTBS.

Four questions guided our research:
(1) Could reliable measures of hands-
on performance and of surrogate
assessments be developed? We wanted
these measures to permit a wide
variety of student responses found
when doing science. We also wanted
to develop a method to score perfor-
mance that captured the diversity of
procedures and put them on a common
scale. (2) Could the performance of
students with different instructional
experiences (hands-on vs. textbook)
be distinguished? We expected
students experienced with hands-on
science to perform better on the

EDUCATIONAL LEADERSHIP



benchmark and closest alternatives
than students in a textbook curriculum
program. (3) Do the performance
assessments provide information about
student achievement not available
from traditional multiple-choice
science tests? If not, perhaps nothing
new had been developed. (4) Do the
surrogate assessments capture the infor-
mation gained from the benchmark? If
so, then dollars and time can be saved
in administration and scoring.

Hands-On investigations

Students conducted the three investi-
gations in approximately 1 1/2 hours
while being observed by a scientist or
science educator trained to score
student performance.

Paper Towels. Students used a
laboratory setup to determine which of
three paper towels held the most and
least water. Students were told that
they could use all or some of the
equipment, whatever they needed. A
scheme was developed to score the
diversity of procedures used to carry
out the investigation on a common
scale (see fig. 1). An cutstanding
investigation completely :,aturated
each towel, determined the amount of
water each held by a method that was
consistent with the way the towel was
wetted, and the entire procedure was
done carefully. For example, a student
might saturate the towel in the pitcher
of water and weigh it in the scale,
carefully removing the excess water in
the scale after weighing each towel.
Carelessness, inconsistencies in the
method of wetting the towel and
measuring the results, incomplete
saturation, and irrelevant methods
resulted in less than outstanding
scores. The scoring scheme identified
the procedure used and could thereby
characterize performance in terms of
both processes and outcomes. More-
over, several different performances
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High-quality assessments throughout a course are vital if teachers are to accurately
appraise performance.

FlounE

PAPER TOWELS INVESTIGATIONHANDS-ON SCORE FORM

Student Observer Score Script

1. Method A. Container
Pour water irt/put towel in
Put towel in/pour water in
1 pitcher or 3 beakers/glasses

2. Saturation A. Yes B. No C. Controlled

B. Drops

3. Determine Result
A. Weigh towel
B. Squeeze towel/measure water (weight or volume)
C. Measure water in/out
D. Time to soak up water
E. No measurement
F. Count 0 drops until saturated
G. See how far drops spread out
H. Other

C. Tray (surface)
towel on tray/pour water on
pour water on tray/wipe up

4. Care in Measuring Yes No

5. Correct Result Yes No

Grad. Method Saturate Determine Care In Correct
Result Measuring Answer

A Yes Yes Yes Yes Yes
B Yes Yes Yes No Yes/No
C Yes Yes/Controlled Error Yes/No
0 Yes No Missing Yes/No
F No Attempt
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could result in the same letter grade.
Bugs. Students used laboratory

apparatus to determine the preferences
of sow bugs for environments that
were light or dark, damp or dry, or
some combination of the four. The
scoring scheme resembled the one
used in the towels investigation.

Electric Mysteries. This investiga-
tion was a bit different from the
others. Students were given batteries,
bulbs, and wires and asked to deter-
mine the circuit components hidden in
a set of mystery boxes (see fig. 2).
Performance was scored on the basis
of (1) their determination of the
contents of each box and (2) the
sequence of tests they conducted to
determine the contents.

Notebook Surrogates
For each investigation students were
asked to keep notebooks describing
their investigation so that a friend
could repeat it exactly. Notebooks

have several advantages for large-
scale assessment. Through the use of
notebooks instead of expert observers,
many students can be tested with
hands-on investigations. Notebooks
provide an opportunity for students to
express themselves in writing, an
important skill in science and a way of
integrating curricular areas. And the
notebooks can be scored quickly in
about one to two minutes per student.
Notebooks, then, preserve much of the
hands-on investigation while reducing
time and cost of expert observers.
They also capture the rather inventive
nature of the investigations and ways
of reporting on them.

Computer Simulation Surrogates

We developed our own computer
simulation for the Electric Mysteries
and Bugs investigations to replicate, as
nearly as possible, the hands-on inves-
tigations. (The Paper Towels investi-
gation could not be simulated

C,GUA E

HANDS-ON ELECTRIC MYSTERIES INVESTIGATION

Find out what is in the six mystery boxes A,
B. C. 0, E. and F. They have five different
things inside, shown below. Two of the
boxes will have the same thing. All of the
others will have something different inside.

Two batteries:

A wire:

A bulb:

A battery and a bulb:

Nothing at all:

You can use your bulbs, batteries, and wires
any way you like. Connect them in a circuit
to help you figure out what is oside.

When you find out what is in a box, fill in the
spaces on the following pages.

Box A: Has inside.

Draw a picture of the circuit that told you what
was inside Box A.

How could you tell from your circuit what was
inside Box A?

Do the same for Boxes B, C, D, E, and F.

adequately.) For the electric circuits
investigation, students used a Macin-
tosh computer with a mouse to
connect circuits to the mystery boxes
to determine their contents. The inten-
sity of the luminosity of the bulb in a
real external circuit was accurately
simulated. Students could connect a
multitude of circuits if they so desired.
Alternatively, they could leave a
completed circuit on the screen for
comparison. A teacher-directed tuto-
rial prior to the test provided students
with instructions on how to record
their answers, erase wires, save their
work, or look at a previous page of
their work on the screen. The
computer recorded every move the
student made. The bug simulation was
constructed similarly, though it was
not possible to record every move the
student (and the bugs) made.

Computer simulations have a
number of desirable properties for
assessment. They are less costly and
time consuming to administer than
hands-on assessments, though develop-
ment costs are considerable. Students
can be tested in groups by a parent or
volunteer who has been briefed on how
the simulations work. Student perfor-
mance can be scored quickly and easily
using the scoring system developed for
the hands-on investigations. In addi-
tion, a computer simulation maintains a
full record of performance, so that
teachers and/or students can review
problem-solving processes. Finally,
students experiment with the tech-
nology, discovering solutions to prob-
lems that they might not have found
with other types of assessments. In
other words, the computer assessment
provides a good instructional tool.

Pencil-and-Paper Surrogates

Short-answer and multiple-choice
questions were chosen to parallel, in
content, the three hands-on investiga-
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tions. For the Electric Mysteries short-
answer questions, students received a
pictorial representation of a problem
similar to one encountered during the
hands-on investigation. For example,
students might be asked how they
would determine the contents of a
particular mystery box without
looking inside. For the Paper Towels
and Bugs questions, students were
given descriptions of portions of the
investigations and questioned about
the control of variables, the setup of
the experiment, or the best method to
use for measuring results.

Multiple-choice questions began
much like the short-answer questions.
Rather than formulate a response,
students chose among four alterna-
tives, all of which were based on
observed performance. For example,
an Electric Mysteries question
presented alternative circuits
connected to a box and asked students
to indicate which circuit would tell
them what was inside the box.

The paper-and-pencil surrogate
assessments differ fundamentally from
the other surrogates: they do not
respond to the actions taken by the
students. Even if a paper-and-pencil
test provided immediate written feed-
back on a decision made by a student
(Shulman and Elstein 1975), we doubt
it would have the same impact as the
feedback from the real-life (hands-on)
or lifelike (computer) assessments. We
may not be able to develop paper-and-
pencil surrogates that overcome this
limitation.

Findings

We found the process of creating
performance assessments symmetric
with good teaching activities to be
time consuming, requiring consider-
able scientific and technological
know-how. Development of quality
performance assessments requires

If teachers teach
to poorly constructed
assessments, these
assessments are likely
to distort good hands-
on science teaching.

multiple iterations through a sequence
of development, tryouts with students
(getting their thoughts and comments),
and revision. Short-circuiting this
process leads to ill-conceived and
poorly constructed assessments. Such
assessments are as likely to lead to
poor teaching if teachers teach to
the test, and they do (Smith 1991)
as are ill-conceived and poorly
executed classroom activities.

Once the performance assessments
were constructed, our research posed
four questions about them: (1) Can
they provide reliable measurements?
(2) Are they sensitive to students'
instructional experiences? (3) Do they
provide achievement information that
differs from traditional measures? (4)
Are they interchangeable? Our find-
ings (some good news, some bad
news) balance the political rhetoric
pushing implementation of perfor-
mance assessments with a cold reality.

Reliability. Raters can reliably eval-
uate students' hands-on performance
on complex tasks in real time. Reliabil-
ities are high enough (above 0.80) that
a single rater can provide a reliable
score. But task-sampling variability is
considerable. Some students perform
well on one investigation while others
perform well on a different investiga-
tion: general "expertise" is more in the
mind of the beholder than in perfor-
mance. To get an accurate picture of
individual student science achievement,
the student must perform a substantial
number of investigations perhaps
between 10 and 20.
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Instructional history. Performance
assessments can distinguish students
with different instructional histories.
Assessments that are closely linked to
a specific domain of knowledge (for
example, electric circuits/electricity)
are more sensitive to performance
differences than more general process
assessments (for example, the Paper
Towel investigation). But to be sensi-
tive to instructional history, perfor-
mance assessments must be carefully
crafted to measure more than science
process. They need to measure the
application of both concepts and
procedures.

Relation to multiple-choice tests.
The good news is that performance
assessments do not duplicate informa-
tion about student achievement
provided by traditional tests (averag
correlation is about 0.45). They tap
somewhat different aspects of achieve-
ment. But we are not sure what
aspects of achievement multiple-
choice tests or performance assess-
ments do and do not tap. Indeed, a
combination of indicators (multiple-
choice, performance assessments, and
others) may be needed to provide a
complete picture of achievement.

Interchangeability of surrogates.
Certain surrogate assessments appear
to be interchangeable with their corre-
sponding benchmark. This is espe-
cially true of notebooks for student-
level assessment. Computer
simulations are interchangeable with
their corresponding benchmarks if the
intent is to estimate classroom-level
mean performance. But for individual
students, measures of science achieve-
ment are highly sensitive not only to
the investigation used (for
Bugs vs. Electric Mysteries), but als
to the method used to measure perfor-
mance (for example, observation vs.
simulation). Some students' scores
depend on the particular investigation



(Electric Mysteries, Paper Towels,
Bugs) and on the particular method
used to assess performance (observa-
tion, notebook, computer simulation,
paper-and-pencil). Indeed, each
combination of investigation and
method provides different insight into
what students know and can do.

Conclusions. A fundamental
assumption made by policymakers
(for example, Bush 1991) and other
education reformers (for example,
Wiggins 1989) is that, by changing the
nature of the achievement test,
teachers who teach to the test will
have to change and improve their
teaching. Our experience with perfor-
mance assessments suggests that this
assumption is, at best, half true.
Teachers will indeed change the way
they teach if held accountable by
performance assessments. But,
without high quality assessments and
staff development in quality instruc-
tion, they very well may not improve
their teaching. Moreover, one-shot,
end-of-year tests cannot provide
adequate information on individual-
level student achievement. Continuous
assessment throughout the course of
instruction is needed to accurately
reflect student science achievement.

Assessment Development
Performance assessments are very
delicate instruments. They need to be
carefully crafted, each requiring a
specially developed or adapted scoring
method. Shortcuts taken in devel-
oping these assessments will likely
produce poor measuring devices. Lc
these instruments are used to judge the
quality of education in classrooms
and they will be used for that purpose

then teachers will teach to the test.
If teachers teach to poorly constructed
assessments, these assessments are
likely to distort good hands-on science
teaching.
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This conclusion was brought home
to us in our observations of someone
we consider to be an outstanding
hands-on science teacher. In her class,
a unit on electricity is taught in a
series of lessons. Small groups of
students conduct hands-on investiga-
tions, not unlike the ones we have
developed. Students keep notebooks
and draw conclusions based on the
outcomes of their experiments and
their discussions with other groups of
"scientists" in the class.

Excited about hands-on science
teaching, our teacher volunteered her
class for pilot testing California's new
hands-on science assessments. These
assessments were constructed under
severe time and cost constraints, and
consequently involved minimal trials
with students. To meet testing time
and space constraints, and in recogni-
tion of differing curriculums in the
state's elementary schools, the assess-
ments were accompanied by detailed
directions to students. Students read
the instructions, followed explicit
procedures, and reported what they
found in the spaces provided. The
assessments were more like recipes
(first do this step, then do this step)
than like scientific investigations.

Based on her experience with these
assessments, our exemplary teacher
began to modify her teaching to corre-
spond to the state's pilot assessments.
Rather than open-ended, group
problem solving, emphasis was placed
on reading instructions and carefully
following format, carrying out a set of
required procedures, and recording
findings in a prespecified format in
notebooks. (For example, students
were admonished to "be sure to write
complete sentences or the state will
grade you down.") The essence of
doing science was becoming one of
following procedures. The story ends
happily. After we pointed out what
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was happening, the teacher went back
to her "old ways."

Staff Development

Unless provided the scientific and
pedagogical knowledge required for
hands-on science teaching, teachers
may very well flounder in their
attempts to match their teaching to the
testing. Once again, an anecdote may
bring home this conclusion. One of the
teachers whose class was participating
in our research knew of the Paper
Towels investigation. Teaching to the
test, she instructed her students to
saturate the towels completely, using
the timer to ensure that each towel was
saturated for at least 10 minutes . a
total of 30 minutes for saturation! In
reality, the towels could be saturated
in a matter of seconds. This led her
students, when tested, to perform in a
clearly stylized manner. She had
informed the students, perhaps unin-
tentionally, that science is a set of
precise steps that must be carried out
invariably, regardless of whether they
make sense. Her approach was not
particularly conducive to scientific
exploration. Although the teacher
could teach the students how to "do"
the experiment, what was missing was
an understanding of the essence of
doing science.

Curriculum-Embedded Assessments

To obtain sufficiently large samples of
student performance, assessments may
need to be taken throughout the
academic year. For example, students
might receive the Electric Mysteries
assessment embedded in the activities
composing a unit on electricity. Like-
wise, assessments would be embedded
in three or four other units as well.

The embedded assessments have
several desirable characteristics. They
provide almost immediate feedback to
teachers on their students' perfor-
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mance, and on how this performance
compares with that of students in
comparison schools. Moreover, the
assessments reinforce hands-on
teaching and learning. Nowhere is the
symmetry between teaching and
assessment more apparent than with
embedded assessments.

Embedded assessments do not
preclude an end-of-year examination.
The latter provides both additional
information on achievement and an
external audit ensuring data credibility
to the various audiences interested in
educational accountability.

Will Achievement Improve?

Results of our research suggest that
the political rhetoric calling for imme-
diate reform of national, state, and
local testing systems far exceeds
current technological capability and
ignores educational and social conse-
quences. No doubt assessment systems
will be changed in the very near
future. The politicians will have their
day. We suspect that the initial impact
will be to change classroom activities
and the nature of assessment, possibly
embedding assessments in classroom
activities. However, without quality
instrumentation and extensive staff
development, the bottom line
achievement will probably not
change.

The nation may be capable of
producing the kind of assessment
systems currently envisioned by the
rhetoric if the politicians stick to their
guns and do not retreat to the usual
multiple-choice testing. Politicians
need to provide resources for
preparing beginning and current
teachers for teaching and testing
reforms, and for fine-tuning the
assessments through research. social
debate, and revision. With the
symmetry between assessment and
teaching firmly established, the
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bottom line achievement may
very well improve.

Authors' note: This research was
supported by a grant from the National
Science Foundation (No. SPA-8751511).
The ideas presented reflect those of the
authors and not necessarily the NSF.
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NCTM's Standards: A Rallying Flag
For Mathematics Teachers
Thomas A. Romberg

The development of
the Standards is the
story of a professional
community recognizing
a need, reaching
consensus through
review and analysis,
and conceiving a clear
vision and a strategy
for mathematics reform.
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Curriculum and Evaluation Stan-
dards for School Mathematics
has been hailed as the exemplar
of what is needed in all curric-
ular areas if we are to reform

American education during the
coming decade (National Council of
Teachers of Mathematics 1989). As
chair of the commission that produced
this 258-page document, my intent
here is to provide an account of how
the mathematical sciences education
community developed the Standards.

Origin of the Standards
The strategy we used came about as a
result of two conferences held in 1983
in response to the perceived crisis in
education, as voiced in A Nation at
Risk and Educating Americans for the
Twenty-First Century.' The first
conference was sponsored by the
Conference Board of the Mathemat-
ical Sciences and funded by the
National Science Foundation; the
other was jointly sponsored by the
National Council of Teachers of Math-
ematics (NCTM) and the University
of Wisconsin and funded by the U.S.
Department of Education. The dozen
or so recommendations contained in
the reports of both meetings were
strikingly similar.' Each suggested the
development of a "new content frame-
work" for the K-14 mathematics
curriculum.

In 1986 the National Council of
Teachers of Mathematics organized
the Commission on Standards for
School Mathematics to prepare a draft
document. Composed of classroom
teachers, supervisors, mathematics
educators, and mathematicians, the
Commission formed four working
groups, one each to address
curriculum for grades K-4, 5-8. 9-12.
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and a group to address evaluation. In
developing the draft, the groups
consulted reports and background
papers related to the calls for reform; a
variety of research reports3 recent
state curriculum documents (Cali-
fornia, Oregon, Wisconsin);
curriculum documents from other
countries (Australia, The Netherlands,
Japan, The United Kingdom); and two
summary papers outlining the perspec-
tives and the tasks to which we were
committed.

During the summer of 1987, the
groups prepared and distributed
10,000 copies of our draft for review
by NCTM and the Mathematical
Sciences Education Board. We
received more than 2,000 suggestions
from parents, business leaders,
teachers, and mathematicians. We also
asked other professional mathematics
organizations to critically review and
endorse the document. In 1988, the
writing groups met again to revise the
document, which, after additional
review and editing, was published in
1989. Also in 1988, NCTM created
several more working groups to
develop the Professional Teaching
Standards, which were published in
1991. Three facts are important in this
sequence of events:

1. The Standards were created as a
consequence of scholarly review and
analysis.

2. Review and consensus involving
many groups were paramount in the
process.

3. Using its own resources, a profes-
sional organization produced the
document. No authority to develop
standards was demanded by a govern-
mental agency or corporate group. The
professional community decided it
was needed and took the initiative.



The Reform Vision
The vision.of school mathematics
expressed in the Standards is captured
in this statement: "All students need to
learn more, and often different, mathe-
matics.... Instruction in mathematics
must be significantly revised" (NCTM
1989, p. 1). This statement has five
implications:

1. Teaching mathematics to "all
students" emphasizes that anyone who
is to be a productive citizen in the 21st
century must be mathematically
literateincluding not only "talented
white males" but all underrepresented
groups.

2. "More mathematics" implies that
all students need to learn more than
how to manipulate arithmetic routines.
At present. nearly half of American
students never study any mathematics
beyond arithmetic.

3. "Often different mathematics"
indicates that all students need to learn
concepts from algebra. geometry.
trigonometry, statistics, probability,
discrete mathematics, and even
calculus.

4. "To learn" means more than to
memorize and repeat. Learning
involves investigating, formulating,
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representing, reasoning, and using
appropriate strategies to solve prob-
lems, and then reflecting on how
mathematics is being used.

5. "Revised" instruction implies that
teachers and students need to envision
mathematics classrooms as discourse
communities where conjectwes are
made, arguments presented. f.tlate9.ies
discussed, and so forth.

The content that all students should
have an opportunity to learn is
described in detail in Curriculum and
Evaluation Standards for School
Mathematics. To capture the impor-
tance of both technical and reflective
knowledge. we chose the term mathe-
matical power. which envisions a citi-
zenry d society empowered by
mathematics. For the individual. math-
ematical power means having the
experience and understanding to
participate constructively in society.
For a culture to be mathematically
powerful, its citizens must have the
understanding and experience to
undertake the routine tasks of
everyday life. to operate as a demo-
cratic society, and to progress as a
civilization. This means the acquisi-
tion, in society, of a critical mass of
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understanding, experience, and atti-
tude. in addition to a substantial range
of special expertise.

Thus, students need to learn to v
mathematics, to reason and communi-
cate mathematically, and to become
confident in their power to use mathe-
matics coherently to make sense of
problematic situations in the world
around them. Hence, the Standards
advocate the application of four basic
standards to all of the content stan-
dards proposed: mathematics as
problem solving, mathematics as
reasoning, mathematics as communi-
cation. and mathematical connections
(making linkages within mathematics
and between mathematics and the real
world).

The Reform Strategy
The Commission's intent to develop a
document titled Standards was delib-
erate. According to the Oxford Amer-
ican Dictionary, a standard is "a thing
or quality or specification by which
something can be tested or measured."
"the required level of quality," or "a
distinctive flag" (1980, p. 666). For
a standard specified criteria to judge
the quality of the mathematics
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curriculum and methods of evaluating
it. In order to judge quality, we
decided that there must be agreed-
upon expectations. Thus, standards
become statements about what is
valued.

Historically, groups have adopted
standards to (1) assure quality. (2)
indicate goals. and (3) promote
change. The NCTM Commission on
Standards was created to achieve each
of these three objectives. In the United
States, any group or individual can
produce and sell a mathematics text-
book, test, or curriculum guide.
Although most such efforts are well
intentioned, the recent proliferation of
manipulatives, software, and modules
haVe made minimal curricular stan-
dards a necessity. The Commission
focused on the development of stan-
dards as statements of expectations or
as "criteria for excellence." However,
part of our broader strategy was to
provide mathematics teachers "a
distinctive flag" to justify their
demands for change.

The need for such a document was
made explicit at a 1983 conference of
publishers, held at the University of
Wisconsin. Since we live in a supply-
and-demand economy, the publishers
argued, if the mathematics community
wanted different texts and tests. a
demand would have to be created. To
respond to this challenge, the mathe-
matical sciences education community
has followed a seven-step iterative
strategy to reform school mathematics.
The steps and the relationships
between them are as follows:

1. Before any plan can proceed. a
need for change must be established.
First, evidence must be presented that
the current system is not effective.
Second. planners must decide whether
the problem is the result of a lapse in
quality control, a design flaw, or a
combination of both (Cuban 1988).
Third. if a new design is needed, plan-
ners must be aware of the traditions
that have to be challenged. The need
for a new blueprint for mathematics
education has been well documented.4

2. Vision is a key factor if a new
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In economics, a
product is judged
of good quality
if it satisfies
customer needs
while making the
company a profit.

design is needed. Design change
involves not only eliminating or
replacing inadequate materials or prac-
tices, but creating a new system. Real-
izing a vision necessarily includes
consideration of values, goals, and
standards. The Standards were
designed to fulfill this vision.

3. Planning includes involving
everybody in a system or school in
arriving at consensus about the details
of long- and short-range plans (with
timetables) for change. It is at this step
that demand is created.

4. The next step involves identi-
fying specific elements of the system
to be targeted for change (curriculum
materials, instructional methods,
examinations, teachers, technology)
and prioritizing them.

5. Any system depends on
suppliers. In a supply-and-demand
society, schools must demand that
suppliers (textbook publishers, testing
companies, staff developers, univer-
sity teacher education programs)
contribute the ingredients necessary
for the desired changes in elements.

6. Then it is time to operationalize
the new materials, procedures, and
programs. Feedback from this trial
phase is matched with the vision and
the plan for judgment, and revisions
may be made.

7. Finally, a product (a curriculum,
an instructional procedure, assessment
materials) is developed. In economics,
a product is judged of good quality if
it satisfies customer needs while
making the company a profit. In
education, quality should be judged in
terms of what students are able to do
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and whether this meets society's
needs. Again, via feedback, we now
return to the vision and our goals and
objectives to update or revise the
vision, plans, specific elements, and so
forth.

Our intent is that school staffs at all
levels use this seven-step strategy to
develop a reform curriculum for K-12
mathematics. In particular, each math-
ematics teacher must understand the
need for change, own the vision,
participate in planning, become a
spokesperson for the demands for new
products and processes, try out new
materials, and judge student progress
toward the reform vision. Teachers
need to understand the critical role
they play in curriculum reform efforts.

Status of the Standards
Implementation of the Standards
means a number of things need to
occur: using the documents to plan
change, making demands of suppliers,
enhancing the professional status of
mathematics teachers and educators,
and empowering teachers to voice
their views. Planning for change in
education takes place on at least three
organizational levels.

Reform initiatives at the national
level are being influenced by the Stan-
dards. They were a focal point in the
Bush administration's strategy for
school reform and were adopted by
the National Education Goals Panel.
At the state level, reform plans should
go beyond goal statements and general
expectations to curricular frameworks
for schools. Several states (California
and Texas. for example) have recently
produced frameworks based on the
Standards, and several others are in
the process of developing them. In
addition, many states (19, at last
count) have initiated new assessment
practices, in part to align testing with
the goals of the reform effort.

At the local district level, plans for
change should go beyond specifying
materials and resources to designating
how teachers and students should
interact with them. It is encouraging
that many districts have formed



curriculum committees; however, it is
hard to estimate how many of these
districts have developed implementa-
tion plans.

The evidence that the demands for
change are being heard is clear. The
National Science Foundation is
funding a variety of curriculum and
teacher enhancement projects. The
Department of Education is encour-
aging the use of Eisenhower funds to
assist teachers in developing new
materials. California, Texas, and other
states are urging publishers to develop
new texts to meet their frameworks. In
fact, at current professional meetings,
book publishers are claiming either
that their current materials meet the
criteria set forth in the Standards or
that they are developing new materials
to meet them. Test publishers, too, are
busy developing new instruments to
be aligned with the Standards.

The professional status of mathe-
matics teachers and educators and
their empowerment has also been
enhanced. The creation of the Mathe-
matical Sciences Education Board
(another of the recommendations)
has provided the mathematics commu-
nity with a national agency to repre-
sent its constituents. Membership in
national and local mathematics
teachers' organizations is at an all-
time high, and attendance at meetings
has set records every year. Finally, an
increasing number of mathematics
teachers are being asked to testify at
hearings and serve on national and
state committees dealing with mathe-
matics education.

The impact of the Standards docu-
ment since its publication three years
ago has gone far beyond our expecta-
tions. However. the hard part of
systemic change is yet to happen.
Only when the plans and new products
are being used in classrooms by
teachers who own the philosophy and
vision expressed in the Standards will
real change begin to occur.

Challenges That Remain
To carry out the vision of a reformed
school mathematics curriculum, poli-

In education,
quality should be
judged in terms of
what students are
able to do and
whether this meets
society's needs.

cymakers and school staffs face a
number of issues and problems.

The meaning of "standards"? To
many persons, the term standards
implies measuring student perfor-
mance. Although not a serious issue,
the use of the word to indicate a
vision that mathematics teachers can
rally around is unusual and requires
explanation.

Nominal change. To appease
demands for change, producers often
change labels but not substance. For
example, since 1990 the authors of the
National Assessment for Educational
Progress have claimed substantial
changes in items in the test battery in
light of the reform expectations. In
fact, both the 1990 and 1992 batteries
show little alignment with the NCTM
Standards (Romberg et al. 1992).

What is mathematics? "Most of the
population perceive mathematics as a
fixed body of knowledge long set into
final form. Its subject matter is the
manipulation of numbers and the
proving of geometrical deductions. It
is a cold and austere discipline which
provides no scope for judgmentor
creativity" (Barbeau, 1989, p..2). The
aims of teaching mathematics need to
go beyond this narrow view to
empower learners to create their own
mathematical knowledge; to reshape
mathematics, at least in school, to give
all groups more access to its concepts
and to the power its knowledge brings;
and to bring the social contexts of the
uses and practices of mathematics into
the classroom. When mathematics is
seen in this way, it can then be studied
in living contexts that are meaningful
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to learners, including their languages,
cultures. and everyday lives, as well as
their school-based experiences.

The "saber-tooth tiger" content.
Topics should be included because of
their inherent worth, not because they
have "always been part of the
curriculum." Peddiwell's (1939) satir-
ical tale of continuing to teach
students techniques to scare saber-
tooth tigers with fire long after the
tigers have become extinct is analo-
gous to the continued expectation that
students master interpolation of loga-
rithms. square roots, long division,
and myriad other routine procedures
long after computers have automated
them. Further, room needs to be made
in the curriculum for new, or newly
important, topics such as statistics or
discrete mathematics.

Teacher independence and isola-
tion. One tradition of schooling is that
teaching happens behind closed doors
(Metz 1978). Such independence
allows teachers to take rit.ks and be
creative. Taken to an extreme, inde-
pendence often leads to isolation.
Porter (1988) refers to one conse-
quence of independence as a
curriculum "out of balance." Elemen-
tary school mathematics is routinely
taught in such a way that students are
repeatedly exposed to the same
content from one grade to the next.
with skills typically receiving 10 times
the emphasis given to either concep-
tual understanding or application. The
reform vision sees as the norm a
balanced curriculum arrived at via
teacher collaboration, joint planning of
lessons. and shared judgments about
student performance.

The "hidden" curriculum. Probably
the biggest challenge of reform for
parents. administrators, and even
teachers is its threat to school routines
that are based upon existing architec-
ture, organization, and management.
Reform ideas are challenging such
notions as:

"Math is what we do to quiet kids.
down after recess."

"Drill on procedures teaches
students how to follow rules."
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Only when the
plans and new
products are being
used in classrooms
by teachers who
own the phil-
osophy and vision
expressed in the
Standards will
real change begin
to occur.

"Success on a math test is essen-
tial for tracking."

"Math should not be fun. It
teaches students about drudgery and
failure."

"Curricular changes must improve
standardized test scores."

Isn't this a repeat of the "new
math"? This is a natural question,
given the failure of post-Sputnik
attempts to develop a new mathe-
matics curriculum. The answer is:
NO! The "new math" was an elitist
attempt by university mathematicians
to better prepare college-bound mathe-
matics students for a changed colle-
giate curriculum (Romberg 1990). The
current movement focuses on mathe-
matics for all students and is being
organized by the teachers of mathe-
matics at all levels.

How is this effort related to other
reforms? Although the objectives of
the mathematical sciences education
community were developed indepen-

dently of many other programs, if they
embrace the same assumptions about
subject matter content and pedagogy
as other change plans, then they
should be compatible. Systemic
change based on the same ideas is
needed.

A Vision and a Strategy
There is no question that the current
school mathematics curriculum is out-
of-date. The majority of American
students do not have an opportunity to
become empowered mathematically
even though our culture demands
mathematical literacy of its citizens.
Creating new curriculums will take
time, hard work, commitment,
patience, and persistence.

In Curriculum and Evaluation Stan-
dards for School Mathematics, the
mathematical sciences education
community has proposed both a vision
of a mathematics curriculum designed
to meet the need and a strategy that

districts and schools can follow to
construct a curriculum consistent with
this vision. For teachers, the Standards
provide a flag to rally around as they
fulfill their essential role in mathe-
matics reform.

'National Commission on Excellence in
Education. (1983), A Nation At Risk: The
Imperative for Educational Reform, (Wash-
ington. D.C.: U.S. Government Printing
Office); and National Science Board
Commission on Precollege Education in
Mathematics, Science, and Technology,
(1983), Educating Americans for the
Twenty-First Century: A Plan of Action for
Improving the Mathematics. Science. and
Technology Education for All American
Elementary and Secondary Students So
That Their Achievement Is the Best in the
World by 1995, (Washington, D.C.: U.S.
Government Printing Office).

The two reports are: New Goals for
Mathematical Sciences Education, report of
a 1983 conference sponsored by the
Conference Board of the Mathematical
Sciences, Airlie House, Warrenton, Va.,
(Washington. D.C.: CBMS); and T.A.
Romberg, (1984), School Mathematics:

Options for the 1990s, Chairman's Report
of a Conference, (Washington. D.C.: U.S.
Government Printing Office).

'Summarized in a three-volume report:
T.A. Romberg and D.M. Stewart. (1987),
Monitoring of School Mathematics: Back-
ground Papers (Madison: Wisconsin
Center for Education Research).

'In particular, see Everybody Counts.
(1989), (Washington, D.C.: Mathematical
Sciences Education Board).
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b
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 c
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, b
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t f
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t b
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 p
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 C
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R
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, c
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 m
ea

n 
by

 m
at

he
m

at
ic

al
 p
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 b
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at
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at
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at
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sk
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t c
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; d
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; r
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 c
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 d

o)
.

Im
pr

ov
ed

 in
st

ru
ct

io
n:

 T
he

 ta
sk

s 
sh

ou
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io
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 c
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; c
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s. 15
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at
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 d
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 r
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 b
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 c
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 c
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er
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el
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e 
w

or
k 

of
 th

e 
w

rit
in

g
gr

ou
p.

 T
he

se
 a

re
 im

po
rt

an
t c
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ot

 fo
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e.

 T
he

 M
S

E
B

 g
oa

l f
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 c
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t c
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 p
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 o
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 m
at

he
m

at
ic

al
 e

du
ca

tio
n 

in
 k

in
de

rg
ar

te
n 

th
ro

ug
h 

fo
ur

th
gr

ad
e.
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 b
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 o
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 d
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 d
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 d
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 p

ra
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 p
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 p
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 d
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f d
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ra
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at
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l o
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an

t i
n

th
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ic
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 c
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er
ed
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de
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in
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es

 c
ho

se
n 

fo
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th
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 v
ol

um
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er
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ou
r
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 o
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pp
ro
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ia

te
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at
he

m
at

ic
s 

go
al
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fo

r 
th

e 
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ar
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ad
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ta
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or
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op
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rt
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es
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re
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to
 d

em
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-
st
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is
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 th
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cu

rr
ic

ul
um
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et
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ex
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 r
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ra
te
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 r
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rr
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ar

 s
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 o
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pl
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 p
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sk
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 b
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, r
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t f
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l f
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 b
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ra
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 p
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f m
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l b
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, p
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 o
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rio
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, a
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te
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im
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se
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er
 ta
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om

e 
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 th
e 

re
t

er
en

ce
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at
 th

e 
en

d 
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um
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an
de
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te
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ar
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11
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) 
de
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th
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te
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oa
ch

es
.

T
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ud

ie
nc

e

M
an
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re

ad
er
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of
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ea

su
rin

g 
U

p 
w

ill
 b

e 
pe

rs
on

s 
w

ho
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re
 p

o
fe

ss
io

na
lly

 c
on

ce
rn

ed
 w

ith
 m

at
he

m
at

ic
s 

ed
uc

at
io
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 p

ar
tic

ul
ar

)
de

ve
lo

pe
rs

 o
f t

es
ts

 a
nd

 o
th

er
 a

ss
es

sm
en

t i
ns

tr
um

en
ts

. F
or

 s
ut

pe
op

le
, b

ot
h 

th
os

e 
w

ho
 w

or
k 

w
ith

i
W

ho
m

 w
e 

ar
e 

tr
yi

ng
 to

 r
ea

ch
I

co
m

m
er

ci
al

 te
st

 d
ev

el
op

m
en

t c
on

pa
ni

es
 a

s 
w

el
l a

s 
th

os
e 

in
 e

du
ca

tio
t

al
 s

et
tin

gs
 a

t t
he

 s
ta

te
 o

r 
lo

ca
l l

ev
el

s,
 M

ea
su

rin
g 

U
p 

sh
ou

ld
 s

tin
ul

at
e 

de
ve

lo
pm

en
t o

f n
ew

 a
pp

ro
ac

he
s 

to
 a

ss
es

sm
en

t t
ha

t r
ef

le
,

th
e 

br
oa

d 
go

al
s 

of
 th

e 
na

tio
n'

s 
st

an
da

rd
s 

fo
r 

m
at

he
m

at
ic

s 
ed

t
ca

tio
n.

15
1

If 
m

an
da

te
d 

as
se

ss
m

en
ts

 e
vo

lv
e 

to
 r

es
em

bl
e 

m
or

e 
cl

os
et

th
e 

on
es

 s
ug

ge
st

ed
 in

 th
is

 b
oo

k,
 it

 is
 c

le
ar

 th
at

 d
iff

er
ei

ap
pr

oa
ch

es
 to

 in
st

ru
ct

io
n 

an
d 

te
st

in
g 

w
ill

 b
e 

ne
ed

ed
. H

em
sc

ho
ol

 a
dm

in
is

tr
at

or
s 

an
d 

ed
uc

at
io

na
l p

ol
ic

y 
m

ak
er

s 
w

ill
 a

l,
be

 a
ffe

ct
ed

 b
y 

th
e 

ch
an

ge
s 

im
pl

ic
it 

in
 th

es
e 

pr
ot

ot
yp

es
.

T
I

ta
sk

s 
w

ill
 c

on
ve

y 
to

 th
e 

au
di

en
ce

 o
f p

ol
ic

y 
m

ak
er

s 
an

d 
ed

uc
tio

n 
le

ad
er

s 
w

ha
t m

at
he

m
at

ic
s 

ed
uc

at
or

s 
m

ea
n 

by
 a

ss
es

sm
ei

re
fo

rm
.

A
 th

ird
 a

ud
ie

nc
e 

fo
r 

M
ea

su
rin

g 
U

p 
co

ns
is

ts
 o

f c
la

ss
ro

o,
te

ac
he

rs
, a

nd
 n

ot
 ju

st
 th

os
e 

at
 th

e 
fo

ur
th

-g
ra

de
 le

ve
l.

It 
is

 o
n

na
tu

ra
l t

ha
t m

an
y 

pr
ac

tic
in

g 
el

em
en

ta
ry

 s
ch

oo
l t

ea
ch

er
s 

m
ay

 fi
t

so
m

e 
of

 th
es

e 
ta

sk
s 

to
 b

e 
so

m
ew

ha
t d

au
nt

in
g,

 e
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ec
ia

lly
if 

til
t

st
ud

en
ts

 h
av

e 
no

t h
ad

 th
e 

m
at

he
m

at
ic

al
 p

re
pa

ra
tio

n 
th

at
 th

e 
ta

sl
as

su
m

e.
 T

ea
ch

er
s 

sh
ou

ld
 lo

ok
 a

t t
he

 p
ro

to
ty

pe
s 

no
t a

s 
cu

rr
e

ex
pe

ct
at

io
ns

, b
ut

 r
at

he
r 

as
 g

oa
ls

 to
 a

im
 fo

r.
T

he
 p

ro
to

ty
pe

s 
c.

he
 v

ie
w

ed
 b

ot
h 
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 e
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m

pl
es

 o
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t t
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w
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 b
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 c
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 o

f c
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ar
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no

th
er
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ud

ie
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un
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 o
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ve
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ed

 e
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ho
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re

 r
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le
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pr
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ic
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ed
uc

at
io
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of
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te
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he
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w

ill
 fi
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U
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 b
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ce
 o
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 o
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at
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 p
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in
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f c
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l c
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f c
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 c
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.
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 c
al

le
d 

fo
r 

in
 th

e 
S

ta
nd

ar
ds

.
In

 s
om

e 
ca

se
s

th
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 c
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 p
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Six children are in a checkers tournament. The figure below shows the resultsof the games played solar.
Abe

(Renumber, In the picture, an arrow like
Mr.

lad

means that Jose won his game against Alex. The arrow always points (tarn the winner to the loser.)

1. Who won the game between Pat and Robin?
2. Which children has Lee already played against?
3. Which of those games did Lee win?

4. How many games have been played by the
children so far?
Explain how you know.

5. Make a table showing the current standings of the six children. Put the player who has the most games In first

place, at the top. II two players are lied, they can be listed in either order.

Name Wins Loses

1.
2
3
4.
5.
6.

6. The tournament will be over when everybody has played everybody else exactly once. How many more games

need lobe played to finish the tournament?
Explain your answer.

7. Dana and Lee have not played yet. Who do you think will win when they play?

Explain why you think so.

'5'.1i60 4104,Na S :;l;:-;F:441-1Zilirrikfc4L-Atailii$111-glattlOtiketktiku:,140AfrgiA

t. James has rented a rowboat to row in the pond around the playground.
On the playground there are three pieces of equipment:

A

Se

?;

rf

a play fort an umbrella: and a merry-goround:

En 7
Look at the map. Find .1.t." : In his boat. Imagine how the playground looks
to James. From where James was, the playground looked like this:

The merry-go-round was on the lett, the umbrella was on the right, and the
fort was in the middle.

1. James rowed in the pond for a while. When he looked at the playground a second lime, this Is what II looked like:

41111210
Figure out where James was when he saw the playground this way. Draw a dot there and label it A.

2. Then James rowed some more. He came to another spot, and stopped. When he looked at the playground from
this spot, it looked different, From here, the p ayground looked like this:

4(111130
Mier' was James now? Please draw another dot on the map to show where James was and label It B.

3. James really enjoyed rowing, so he rowed some more and explored some more. Alter a while he was at the spot
marked C.

Please draw the tort, the umbrella, and the merrygo-round In the space below, to show the way the playground looked
to James when he looked al it from the spot marked C.

4. II was a warm, pleasant day, and James thought that maybe he would keep on rowing an afternoon. He rowed to a
new spot on the pond. When he looked toward the playground, he was suddenly surprised. He could nolonger see
the umbrella) All he could see was the tort on the tell, and the merrygo -round on the right.

Pie? .e draw a dot on the map to show where James was when he discovered that he could not see the umbrella.
Label it 0.

5. Do you think that James could row toe spot on the pond where he sees the loft on his loft and the umbrella on his

right, but he can't see the merrygoround? Please explain how you know. 1 6 9

.......a*r.01444-
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THE POWER OF
THINICENG MATHEMATICS

Reprinted with permission from AMERICAN EDUCATOR, Winter 1992.

BY ALICE J. GILL AND LOVELY H. BILLUPS

raTn' WAS 2:30 on theafternoon of February 14. 1990. In
inner-city classroom in Rochester. New York, Chap-

ter 1 Basic Skills teacher Marcy Miller stepped into the
second-grade classroom prepared to conduct her twice-
weekly math lesson. She approached the homeroom
teacher.

-Mrs. Jones, I know you're having a Valentine's Day
parry this afternoon. Tell me how much time I have for

a math lesson:
-Miss Miller.' came the frustrated reply. -these children

were so disorderly this morning, 1 don't think they're
going to have a party. You can have the rest of the after-

noon' A young girl immediately raised her hand.
"Does that mean well have math longer today?'
With conviction in her voice that bespoke a punish.

ment well delivered, Mrs. Jones almost beamed as she
affirmed, 'That's right!' whereupon, the class began to
cheer and applaud.

Seven-year-olds happily forsaking a Valentine's Day
party for the opportunity to do more math is not a pic-
ture that typifies our classrooms. in fact, report after
report casts American youngstersand adultsas being
uncomfortable with mathematics, indeed, often express-
ing an intense dislike for the subject.' Math. they feel, is
best left to engineers, scientists, and a small elite group
endowed at birth with a talent for the arcane world of
numbers.

Alice f. Gill is an assistant director of the educational
issues department of the American Federation of Teach-
ers. As a third-grade teacherin Cleveland, Obio. she was
o: se of the developers of Thinking Math. Lovely H.
Billups is director of field services of the AFT's educa-
tional issues department andcoordinator of its Educa.
tional Research and Dissemination program
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ft's not surprising that large numbers of Americans
have an aversion to math. Most people dislike activities
they're not good at, and on that score the figures are stun-

ning. The inadequate achievement of U.S. students in
mathematics has been chronicled in headlines, papers,
books, and conferences. In a 1991 study conducted by
the Educational Testing Service. American nineycarolds
ranked twelfth out of fours and nations in
math, ahead donly Sloveniaand Portugal; American thir-
teen- year -olds ranked sixteenth out of twenty On the
1988 International Associationfor the Evaluation of Edu-
cational Achievement. for ten-year-olds, 38 percent of
American schools scored below the lowest-scoring
school in Japan. On the 1991 National Assessment of
Educational Progress, fewer than half of the twelfth
graders demonstrated a consistent grasp of decimals,
percents, fractions, and simple algebra.

Doing something about the American dilemma in
math can at times feel like trying to move a mountain; it
has been there a long time. Yet, though still rare, the real-
life scene described in the opening of this article is
becoming more common as effortsproceed to transform
America's classrooms into places where children not
only look forward to math but master it well enough to
successfully compete on a globe! level.

VT:GO NEXT to a classroom in Lake County. Florida.
Mere students are tl inking about a class picnic.

They know that twenty-four students and seven adults
will be present. One of theirtasks is to decide how many
six-packs of soda to buy so each person can have a can
of soda. In small table groups, they move counters rep-
resenting the cans and finally determine that they need
to purchase half a dozen six-packs. The problem isn't
ectraordinary. ft's a nvo-atep problem that requires same
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dents to make a substantive decision about how the
remainder in a division problemshould affect the answer

This is one type of problem with which American sew
.o...erade students have had difficulty on National
Assessment of Educational Progress (NAEP) testsz. What

is unusual in this instance is that the problem was suc-
cessfully solved by these Lake County first graders.

The lesson was a demonstration of Thinking Mathe-
matics, a research based approach to teaching mathe-
matics that grew out of a collaboration between the
American Federation of Teachers (AFT) and the Learning
Research and Development Center (LRDC) of the Uni-
versity of Pittsburgh. The philosophy ofThinking Math-
ematics, which is consistent with the standards adopted
by the National Council of Teachers of Mathematics. is
that we can produce not only students who are capable
mathematicians but also a populace that appreciates the
place Of mathematics in their own lives and that is no
longer -mathophobic."

In Thinking Math, value is placed on thinking, rea-
soning, communicating mathematically, focusing on
relationships. using what is known to find the unknown.
Its content and sequence is shaped by the idea that. right
from the start of their mathematical education, children
can and should be engaged in the discussion. analysis.
and solution of mathematical problems; they need not
wait until, step by step. they have mastered a strict hier-
arch of basic skills. it draws heavily from the cognitive
apprenticeship model, which emphasizes the impor-
tance of working on authentic, real-life tasks and of
exposing students to the reasoning and strategies that
experts employ when they acquire knowledge or put it
to work to solve such tasks.

This approach is in sharp contrast to the milieu out of
which teachers have come, which emphasized memo-
rization and rote procedures. The majority of elementary
teachers have scant background in mathematics.
Because it has not been expected of them, few have
taken anything beyond high school math. except for a
college course in elementary math methods. The com-
mon image of the proper way to teach math. held by both
teachers and the public. is based on their own memo-
rization and formula-driven school experiences. On the
elementary level. the core of activity in math classes cen-
ters on what are called 'the basics' This consists of mem-
orizing basic facts and rules and performing page after
page of computation. Probably 90 percent of the math
activities in elementary classrooms have been tradition-
ally conducted to facilitate this memorization and calcu-
lation.

In addition. studies indicate that math instruction in
the United States is repetitious and poorly organized.
Teachers spend weeks and sometimes months each year
repeating the content of previous years. In many
instances the students appear to have -forgotten: when
in fact. they may never have really learned the concepts.

We now know with certainty that this traditional
approach to math education will not produce thinkers,
interpreters. and users of information.

HEN CHILDREN come to school. excited and curi-
ous, they already have ways of thinking about

quantities and numbers. What usually happens is that
they encounter a teacher who begins to model and, with

6 AMEIUCAN EDUC.ATOR

iimmomemosommuninumnimmitts
Right from the start of their

mathematical education, children
can and should l .yea in the
discussion, dualysis, and solution
of mathematical problems; they di
need not wait until step by step, milir

they have mastered a strict
hierarchy of basic skills.

the best of intentions, demand that the children mirror
the correct way" to think about and manipulate num-

bers. If this "correct way" is the child's way, the child
becomes a star performer, if not, the child becomes con-
fused, loses confidence in himself, and begins to form a
disastrous opinion about his ability to do math This is
not to say that everything a child thinks is true or valid.
Yet children play counting games, share, and make pur-
chases at the store before they come to school They
think about numerosity and measurement in the world
around them, choosing the biggest piece of plc. the bag
with the most cookies, arguing about who's taller than
whom. Using the perspective and knowledge that chil-
dren bring to school is the first of Ten Principles that con-
stitute the Thinking Mathematics approach to teaching
mathematics. Although the phrase "start from where the
children are' has echoed through the halls of schools I r
decades, it has referred to where they are in relate
our curriculum and not to how children think c r
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The Ten Principles of Thitsking Mathematics are:
1. Build from intuitive Imolecip:.
2. Establish a suong number sense through counting,

estimation, use of benchmarks, mental computation
tints, and 1111CientallIdiDS ibC CiTCCI ui operations.

3. Base instruction on situational story problems.
4. Use manipulatives and other representations to rep-

resent the problem situation; then link concrete and sym-
bolic representations.

5. Require students to describe and justify their math-
ematical thinking.

6. Accept multiple correct solutions and. in some
cases. more than one correct answer.

7. Use a variety of teaching strategies.
8. Balance conceptual and procedural knowledge.
9. Use ongoing. new assessments to guide instruction.
10. Adjust the curriculum timeline.

In addition, Thinking Math (TM) recommends that
teachers focus on depth instead of quantity that math
classes be used to look at a few problems from many
angles rather than to work many problems the same way.
This belief, which grew out of the research findings, is
similar to the practices of Japanese and Chinese class-
rooms where the goal is lasting conceptual understand-
ing and where it is not untypical to devote an entire class
period to one or two problems.

The picnic soda scenario described earlier was one
part of the exploration that day. In addition to attending
to children's intuitions, the lesson visibly incorporated
two other principles of TM. First. the students had phys-
ical objects (manipulatives) with which they could
model and. thereby. strategize about, a familiar situation.
Thus, numbers, quantities. and operations had meaning
beyond paper. Secondly, the students were grappling
with a problem that had meaning to them. In Thinking
Math. teachers are urged to write or change problems to
reflect their own classroom. school, or city and to incor-
porate activities about which their students express
interest. This not only increases motivation but also
shows that math is. indeed, connected to the real world.

As a classroom is opened to students' thinking, there
begin to emerge multiple intuitive and inventive ways of
solving problems. The encouragement and support of
this process is a crucial part of the teaching and learning
in TM classrooms. Again, there is a strong parallel to real-
life situations. Woe to any commercial enterprise that
sees only one way to solve a problem! If that one solu-
tion becomes stymied, the business may fold unless an
inventive mind finds another way to come at the prob-
lem. Both students and teachers come to appreciate this
principle. Nine-yeanold Brandon, addressing the Ander-
son. Indiana. school corporation one night. observed.
ln Thinking Math. there atr a lot of ways of doing a prob.

km so we can choose the best way"
In Albuquerque. New Mexico. another nine-year-old

who had transferred to the public schools from a private
one the year Thinking Mathematics was introduced,
shared how he felt about the program. 'My other school
thought they were real good, but this one is better. They
only taught us one way to do a problem. but we learned
a lot of ways here" And still another student's voice:
-What do I think about Thinking Math? It helps you think
a lot better. Not only letting kids do it different ways but

Woma 1992

1 "

lenient kids do it their own way . . you can think with
yourbead and do math the way you need to do it w solve
problems and stuff like that."

prii.SEDiriaroTT strategies ue dormant and unvau-
I. dated, however, pleas they are shared within a corn -

munity of learners. Thus, requiring students to explain
and justify their strategies is another important Thinking
Mathematics principle. This public discussion about
mathematics (mathematical discourse) adds power to
students and teachers in three ways. It requires the speak-
er to clarify his own thinking. it allows other students to
get additional perspectives on a problem. It gives the
teacher information about the level of understanding a
student has, information that is not evident when a teach-
er looks only at computation.

A second-grade class in Lake County Florida. had
worked through a problem that centered on a typical ele-
mentary school Valentine's Day occurrence. Children
bring in cookies and they are shared by the class. One of
the goals of the lesson was to demonstrate how number
sense can be used to simplify the solution in a way fre-
quently used by adults but rarely taught in school. When
adults buy two items that cost $1.98 each, they often cal-
culate two times two dollars and subtract four cents
rather than go through the regrouping algorithm. The
problem the second-grade students were solving
required them at one point to add 36 and 29, the num-
bers of cookies brought in by two students. A stuffed
replica of Curious George (whom the teacher often used
as a friendly voice to introduce other ideas into the dis-
cussion in a nonintimidating way) suggested that if you
could add 30 instead of 29, it would be a really simple
calculation, which he could do in his head.

"36 + 30 is 66."
"Could we do that?" asked the teacher. Not two sec

onds passed before young Jessica raised her hand and
said, -Yes. But you have to take one away from that
because you added one too many. So you'd have 65 cook-
ies"

The role of the teacher in these exchanges is extreme
ly important. Encouraging students to do their own
thinking and to find many ways to solve problems is not
the same as telling students to -go discover* while the
teacher stands back and watches. The teacher becomes
planner actsaordinaire, framer of the circumstances that
will enable students to find their way. Generally, the solu-
tion strategies are those that are brought forward by stu-
dents as they think and use the materials provided. In this
instance, the teacher interjected "another way' to think
about the problem. For the process to avoid turning the
classroom into a venue where the teacher is seen as cus-
todian of the right way," the teacher must know which
concepts or strategies students will probably not find
intuitively and make a judgment about when and how to
Introduce those ideas.

Finally, the teacher must be capable of moving in citric
tions suggested by student conversation and of focusing
that conversation on mathematical ideas, targeted and
untargeted. To do this successfully, the teacher must
develop a good sense of the mathematical territory and
of students' conceptual understanding. The student s
explanation must be clear enough for other students to
follow the thought. In instances where it is not ddrr. rvf
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where the teacher believes some students need a con-
crete model, the teacherappropriately raises questions
or asks the solver to concretely demonstrate what has

Leading mathematical discussions is a complex task.
Students long accustomed to traditional math classes
may be reluctant to express their ideas at first. The,qual-
ity of discussion improves Over time as students become
aware that their ideas are valued, as they learn to express
themselves, and as teachers, too, learn from actual con-
versations. Teachers must become knowledgeable about
what actually demonstrates understanding. To return
again to the 36+29 Valentine cookies problem. an expla-
nation that basically does nothing more than repeat a for-
mull (e.g., 6+9=15, put down the 5, carry the I;
1+3+2=6; 65) does not show the same evidence of num-
ber sense that investing quantities with their proper

BRANDON'S TEAT GOOD REASONS

To LIKE THINKING MATHF-MATICS

HI, I'M Brandon Sokol. I come from the family
class at Robinson School. I am going to give ten

reasons why I likeThinicing Math better than tradi-
tional math.

1. Thinking Math eliminates the need to memorize
a problem cause we don't learn to use paper,
we learn to use our heads.

2. In Thinking Math we can make up and solve
our own sichawashunol story problem.

3. We are also able to use manipulatives to help
solve the problem. In Thinking Math. a manipu-
lative is a small block or tool to help count with.
This (displaying a base ten rod) is ten. This is a
hundred. This is one. And this is a thousand.

4. We can also use decomposition to break down
a problem. Decomposition is breaking down a
number. for instance. 378 would be 300+70+8.
That would be easier to add to another number.

5. In Thinking Math there are a lot of ways of
doing a problem so you can choose the Best
way.

6. In Thinking Math we learn to do our math in
our head so when we go shopping we can add
numbers fast.

7. We discusta problem to make sure everyone
knows the steps to the problem to complete
the problem so that the next aren't so hard.

8. In Thinking Math we use our own record book
of our knowledge not someone else's

9. We only need to do 3 or 4 problems dunng
math.

10. With Thinking Math a group of children can all
do one problem together

.BRANDON SOKOL
AP 9
Ads/mans the Anelerstos. Insimna,
School Corporation &herd If Trustees

8 AMERICAN EDUCATOR

meaning does (30+20 is SO: 6+9 is 13: 50+15 is 63).
One young man in Cleveland. near the end of the first

year of Thinking Path, turned in the following as a solu-

tion to a subtraction problem.

541 - 268
500 - 200: 300
41 - 68 a -27
300.27 = 273
This youngster had not been taught this method. But

he had been in an atmosphe that clearly valued explor-
ing number territory and finding different ways. He
would undoubtedly have been a good -traditional* math
student. He became, for his short time in Thinking Math-
ematics, a marvelous inventor who saw how things fit
together and what was happening with the quantities in
this operation. He knew 41 minus 68 was minus 27, he
said, because be took away 41 and then he still needed
*fifty-one, sixty-one (be bad raised twofingers) and 7
more for 68. So that's twenty (bolding up the two fin-
gers, each of u*icb stoodfor 10) seven" This student's
explanation encompassed a way of thinking about 41
minus 68 that his teacher would not have thought of.

WMI ALL the promise of the current mathematics
scene, there still exists a good deal of skepticism.

Parents worry about whether their children will learn
basic facts and be able to compute, the centerpieces of
their own math education. Those whose children are
now grown worry about repeating the disastrous path of
`new math" from the sixties. It is, therefore. important
to clarity the relation of Thinking Mathematics to both
of these concerns.

First, the concern about learning basic math compu.
tation skills. One of the Ten Principles of TM is to
vide a balance between conceptual and procedill
learning. This means that, where formerly it was accept.
able if students were able to rotely compute even if they
didn't understand what they were doing, this is no loaner
considered exemplary performance. Even the 'pod'
students who went through `drill -or -kill" tactics are
unable to compete with their peers worldwide ' One of
the deficiencies of these students is their inability to rea-
son and solve complex problems.

Teaching for conceptual understanding takes longer
than rote learning. It does, however, make it possible kw
students to also acquire basic knowledge without an
overemphasis on unmotirating, unconnected drill and
the calculation of bedsheet-length sets of problems TM
deemphasizes the amount of time spent on learning
basic facts, believing that students will learn them as they
work with them. Walk down the halls of a school where
teachers are doing what they have always done and you
will find a belief that `until students know those basks'
it is a waste of time to turn their attention to sorneihing
as complicated as word problems. "Thought probterns
at the ends of textbook chapters are generally skipped
because "there simply isn't time available if the studenui
are to master their facts." Visit a TM class and you weal find
students engaged in solving problems about fannisat im-
uations; some know the facts, others are LB learning
them, but all can successful!), solve interesting problems
You may find some periods of short (5 to 7nuniaes*
on facts. If you do, the drill will often hive a
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The children are so excite&
They're always asking to do math.
I've never had that happen before

V

schema behind it.

7+8
5+6
8+9

In this exercise. students learn thinking strategy for
'near doubles.' Doubles are learned fairly quickly. If stu-
dents know the doubles (e.g., 7+7) they can project an
answer that is one mote than the double. Or, the drill may
promote a mental math skill that will be useful in com-
putation.

17+10
38+10
52+10
69+10

There is evidence that students who spend less time
on drill and practice do not suffer when it comes to the
basics." In fact, the Cognitively Guided Instruction pro-
ject, an approach similar to Thinking Math, found that
students in classrooms with a problemsolving focus
actually outscored their peers. Additionally, a study by
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SRI international found:

By comparison with conventional practices.
instruction that emphasizes meaning and under-

:nstz effe-ctve, M YM.WVW advarac-
skills, is at leastafWeafairtat teaching basic skills,
and engages children mote extensively in academ-
ic learning (emphasis. added)'

Even the results of standardized testswhich are not
geared to measure the kinds of conceptual understand-
ings Thinking Math aims forput TM students above
their non-TM counterparts. Researchers from the Uni-
versity of Pittsburgh compiled data from student scores
on standardized tests for the group of TM pilot classes in
1990-91. The report' of this data stated:

Standardized achievement test scores indicate
that project students did at least as well, if not bet-
tec than their non-project peers on both Compu-
tation ,ad Concepts and Applications subsections.

Class scores were averaged for all students in grades
one through five for TM classes and non-TM classes for
each of the subsections of standardized achievement
tests administered in the local districts;* the results are
presented below.

Subsection TM classes Non-TM classes

Computation 64 59

Concepts and
applications 66 50

In addition, the report continued:

Notable improvements in student problem-solv-
ing abilities were indicated by results of the prob-
lem-solving test' The percentage of correct
answers on the post-test exceeded that to be
expected from the item difficulty established by the
test makers.

. . . (T)here are multiple indications that student
learning and attitudes were enhanced by their par.
ticipation in the Thinking Mathematics program.

The spontaneous observations that Thinking Math
teachers have made not only support the data regarding
student achievement pins but also point to qualitative
differences as Well. One teacher in Brevard County. Flori-
da, observed, They are so excited! They're always ask-
ing to do math. I've never had that happen before"
Another commented, 'I'm now teaching my children
how to think and understand math, not just how to do
math?* Still another front a pilot class observed, "My stu-
dents are being exposed to and coming up with skills I
would not have thought possible' Another reflected that
the students were showing greater appreciation for the
use math would have in their lives.

THE SECOND concern about a new approach to
teaching mathematics is the lingering aura of distaste

from the new math of the sixties. There are several
ways in which Thinking Math differs. One is that new
math' was imposed upon teachers by people perceived
to be out of touch with classrooms. A result of the actu-
al top-down strategy of this movement is that it did not
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provide, in time or in subsainCe. what teachers heeded
to tmdastand the processand the math they were being
asked to teach. Because teachers stood at the core of the
develOmro of Thinking Mathematics. they were able

to identify these needs. Thinking Math also has proskl.
ed that framework dreseardi that pro orbs can use
to inform what they ought to do and why. While some
concepts that were part of new math' surface Main-
they surface with a rationale and a professional devel-
opment effort that allows teachers to make meaning of
them. Another prime problem with `new math" was that
parents were left out of the equation.

In discussing the resistance encountered by new
math; the National ResearchCouncil notes, 'When
parents could not or did not understand the need
for change or the reasons new curricular emphases
(of that program) were chosen, resents ent and
anger resulted, and a conviction set in that if the
'old math' WAS good enough forthem, it was good
enough for their children.* Parents have become
enthusiastic about programs when they have been
given the opportunity to ask questions and have
them answered, are involved in their children's
learning, and are assured that their children's com-
putational skills and learning outcomes are not suf-

fering."
Thinking Mathematics advises its teachershow impor-

tant it is to communicate with parents as they begin the
program, and, on the whole, they have had a very posi-
tive response.

Not only has the developmental process for Thinking
Math been different from the one for 'new math.- there
are also substantive differences. As it was implemented
in classrooms, `new math* concepts were taught
abstractly. Since this is not how children best learn math,
the goal of developing a deeper understanding was not
achieved. For example, "expanded notation" (e.g., writ-
ing 485 as 400+80+5) was often used in 'new math' But
the instruction was generally based on abstract, con -
textiess figures.

In Thinking Mathematics also, students frequently
record solutions using expanded notation. However. this
flows from a construction of the meaning of those quan-
tities that starts when students manipulate and group
objects; compose. decompose. and recompose numbers
many ways as they solve problems about familiar things
and in ways they understand before they are introduced
to efficient algorithms. So their understandings of both
quantities and operations are richer and more lasting and
they can successhatv attack unfamiliar situations.

The 'new math.* also lacked a surrounding system of
student dialogue about mathematics that helps children
develop and clarify their thinking while allowing the
teacher to better see the depth of their understanding
and where they falter. Nor was it grounded in a philoso-
phy that accepted and promoted multiple ways of solv-
ing problems.

CHANGE IS never easy. The history of education
reform is cluttered with great ideas that never took

root in the classroom. Countless manuals, materials. and
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manipubtives, once imbedded in such hope. are stung
somewhere colleaing dust.

Thinking Mathematics is one program that has not suf-
fered such a fate. It is functioning in thirtreight cities,
with a waiting list of (Icarus mere.. 19;2 p:.
ticipadng teachers found that they were making signifi-

cant changes in their mathematics instruction. On aver-
age. they were wing strategies recommended by Think-111
ing Math three times a week, or 60 patent of the time:"

To understand why Thinking Math spirals to be tak-
ing hold where other reforms failed, we have to go back
a few years to the start of the American Federation of
Teachers' Educational Research and Dissemination pro-
gram. ER&D began in 1981 with the goal of enhancing
teachers' professional development by giving them
access to an expanding knowledge base of classroom
research and involving them with the educational
reseatchers doing thit research. As AFT president Albert
Shenker noted at the time, teachers will be denied recog-
nition as professionals until they can demonstrate that
their actions and judgments are grounded in a solid pro-
fessional knowledge base acquired through intensive
and continuing study.

In the past, much educational research was packaged
in ways that were remote from teachers' daily experi-
ences. Most studies were ablaut and jargon laden, so
it's not surprising that teachers tended to find them onli-
ne use, if they read them at all. When mandated from
above, as many `research-based* teaching programs
were, they were met with suspicion from teachers and
produced superficial change, at best. For their part, few
researchers seemed to know or care about teachers' per-
ceptions and were unable to relate to the realities of the
classroom.

AFT: ER&D program sought to reverse those negating'
trends, to encourage teachers to value the informati
available from authentic research findings, and to
expand their tools of practice. Originally funded by the
National Institute of Education, ER&D is a long-range,
peer-to-peer, union-sponsored strategy for professional
improvement that encourages teachers to become users
of research.

A KEY COMPONENT of the programis the develop-
flment of 'research translations" that highlight and
interpret the most important research findings in practi-
cal ways that teachers can use; translations have been
done on a wide array of topics, from cooperative small-
group teaching to student motivation. The translations,
based on a single work or a group of related works, elim-
inate ponderous statistics, interpret technical language,
and focus on the practical applications of the research.
As part of the process of developing ER&D materials,
experienced teachers work collaboratively and inten-
sively with researchers from universities and education-
al research laboratories.

But the translations are only the first step in the pro-
cess of putting valuable research findings in teachers'
hands. Through the ER&D network, teachers in local AFT
affiliates receive training in the basic translations and in
peer-teaching techniques. Once trained, these teachers
in turn establish local programs and trainother teachers.
spreading the program's benefits to a growing n:r2110
of classroom teachers. The local trainers meet
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The bottom line of this endeavor is
not books or manuals, but the

gi-ep*e qu'estion qj ace:why- altering
what goes on in the classroom.
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catty with AFT national staff to review material. share
their experiences, and learn about new research trans-
lations. A three-part philosophy guides the Ot&D train-
ing: Sessions are non-threatening. non-judgmental. and
voluntary

Thinking Math provided the ER&D program's first
move into specific subject manet-, previous translations
had dealt with more generic teaching skills. Started in
1967 through a National Science Foundation grant to the
AFT and the learning and Research Development Cen-
ter at the University of Pittsburgh. Thinking Math built
on the R&D tradition of close collaboration between
teachers and resctrchers. Lauren Resnick. LRDC's co-
director and one of the first researchers to interact with
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BRAD usichars, describes the aperitif= this way:

The WILD program enables teachers to probe.
question, sodium= with educational tesearchers
abouttheirfindlop. k is sidque because it does not
acne a difference in rank or prestige between
researchers and teachers. It .stresses that
researchers and teachers need each otherthat
educational effectiveness is not the exclusive
province of either group.

Combining the clinical wisdom of teachers and the
rich research background of the cognitive scientists, the
collaboration has to date produced two Thinking Math
volumes, covering counting, estimating, adding, sub-
trading, multiplying, and dividing. The joint effort has
also resulted in the publication of a recent book, Analy-.
six of Arit hmetic for Mathematics Teacising (Lawrence
Erlbaum), that discusses current research knowledge rel-
evant to *I:idling math in grades one through eight.

TaBOTTOM line of this endeavor: however. is not
lcs or manuals, but the deeper question of aau-

ally altering what goes on in the classroom. And here the
evidence is cause for optimism. For example, as the sur-
vey mentioned above found, only 19 percent of the
teachers said they had encouraged their students to solve
problems in more than one way before becoming
involved with the program; after their TM training, 71
percent were focusing on multiple strategies.

The effectiveneu attic training depends in large part
on the degree of cooperation between the local affiliate
and the school district. The districts where the program
appears to be flourishing have provided teachers release
time not only for initial traininC, but also for regular fol-
low-up sessions.

One of those districts is Anderson, Indiana. where the
various partners have shared the cost of building a solid
Thinking Math program over the past few years. The AFT
has paid for training two local Thinking Math coordina-
WS, and the district has picked up the tab for training
seventeen other local teachers (including the cost of sub-
stitutes and release time once a month to allow teachers
to reflect together on their experiences). The Anderson
Federation of Teachers has also contributed significant
amounts of money in the past three years to expand the
program. By the end of this school year, every elemen-
tary teacher in Anderson will have had an introductory
session on Thinking Math.

The experience of one Anoerson teacher of learning-
disabled students provides an insight into the power of
the Thinking Math approach. The teacher convinced
three oilier colleagues that all their students could learn
together if they taught math the TM way. With the teach-
ers working as a team. the program has proved so suc-
cessful that it is difficult for an outsider to distinguish the
learning-disabled students from their classmates dung
,,uth lessons.

In Albuquerque, New Mexico, teachers at one school
have seen the power of Thinking Math in helping them
break their professional isolation. The teachers arranged
their master schedules to provide periods of time for
teachers of the same grade to collaborate and talk about
their math lessons. In the philosophy of the Japanese

(Continued on page 48)

Armsacsm Pmatote or Ti camis 11



IluracriG bL4rmatAlics
(Continusdftom page 11)

teachers who carefully hone each les-
son to pericutiuu, they cup this their
'polishing time.'

Rhode Island provides another
promising model. There, the Rhode
Island Federation of Teachers has
brought a Thinking Math team to the
state to work with teachers from sev-
eral districts. As the local teachers
wrestle with their own initial imple-
mentation of the program, they will
be able to meet monthly throughout
the year, which will provide a level of
mutual support for the teacher lead-
ers that had not been possible for
other teams.

TOrE STORIES illustrate the kind
commitment that Thinking

Math requires. The program asks
teachers to rethink their most basic
beliefs and assumptions about teach-
ing and learning mathematics. Such
radical change cannot be brought
about by one-shot `professional
development* workshops or by pop-
ping manuals into teachers' laps.
There is no substitute for the collegial
and research-based process that per-
meates the ER&D training; it provides
a forum and support network for solv-
ing the problems that arise when
teachers make substantive changes.
To get past the inevitable bumps in
the road that accompany change,
there also needs to be a non-threat-
ening atmosphere, sufficient training
that continues after the initial train-
ing is done, and opportunities for reg-
ular interaction with colleagues.

Some teachers who are trained in
Thinking Math have been troubled
when they do not return home with
a set of discrete and sequenced activ-
ities. But they come to realize that the
program requires that they recon-
struct their teaching, using their local
curriculum, from their new knowl-
edge and beliefs. More than 90 per-
cent have been able not only to make
this adjustment for themselves but
also to successfully inspire. train, and
pass on their ability to their peers.

Raormuig the way mathematics is
taught would be accomplishment
enough for the program. But its
effects are more sweeping. Thinking
Math has convinced those intimately
involved with it that the best route to
genuine education reform is through
a new look at content. When teach-

ers passionately belie. e that new
approaches are necessary and pro-
ductive in their daily teaching (of
math, in this case), they begin to see
UM changes must be =tie in tne
alike structure of schools to accom-
modate and support those new
approaches. They begin to rethink
how the school day should be orga.
nized: they come head to had with
standard assessment practices and
realize they need overhauling; they
redesign staff development and con-
sider new ways of organizing school
staff. Whatever stands in their way
gets close scrutiny. and what starts as
Thinking Math often adds up to much
more.
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CONNECT

Bringing meaning to math
with a studentrun store

wholesale

retail

loan

inventory

by Deborah Black
IMAGINE THE range of skills and concepts
that can be addressed in the undertaking of a stu-
dent-run math store. Skills include estimating
simple sums and differences, multiplying with
money, introducing decimals and many others.
A 5% markup of wholesale items or a 10% dis-
count on sale items offers a wonderful lesson on
percentage!

Fractions enter the picture when you con-
sider cutting a pie in eighths and selling
individual pieces. Consider the complexity of a
word problem that begins with the price of the
ingredients in oatmeal cookies. How many cook-
ies are in a batch? How much will you sell the
individual cookies for if you want to account for
a 5% profit? Keep in mind all the measuring in-
volved in making the cookies and the
importance of following the recipe directions.
For some students, learning to make change for
a dollar is a formidable task in itself.

Goals
The academic goals of our store were clear at
the onset. The store would provide students
with an opportunity to develop math skills with
an improved attitude towards math. Students
were continually engaged in problem solving at
every level of store operation. Collegiality and
cooperative group work began to unfold.

Fresh ideas
Each year the store has a fresh beginning as a
new group of students bring to it their ideas and
student-made merchandise. The only dimen-
sions of the store that remain constant are the
enthusiasm, excitement and ongoing learning.
Students take charge of their own learning and
begin to make connections between participat-
ing in different aspects of running the store and
understanding certain math concepts and skills.

Preparing for the math store was the math
curriculum for the initial weeks of school. Con-
cepts and skills were reviewed or introduced as
they related to some task in running the store.
Peer teaching and apprenticing practices were
developed in the first steps of the preparation
process so that ongoing problem solving related

to the store could take place in an atmosphere
of support and collegiality. Later in the year stu-
dents ran the store independent of other projects
going on during math class.

Establishing respect and support
A lot of thought and consideration went into un-
derstanding what it meant to work together with
a common purpose. Time was spent defining a
mission for the store and a code of ethics for all
participants. It was clearly stated in their code of
ethics that all students had the right to participate
in every aspect of running the business. It was
made clear that it was the responsibility of the
group to make sure everyone felt supported and
treated with respect as they learned new skills nec-
essary to run their business. Peer teaching and
apprenticing were concepts that had been ad-
dressed earlier in the class. Once the foundation
for working together was established, the process
of preparing students to run their store began.

Defining jobs
A division of labor was established and a job de-
scription for each job was written by the
students. Job titles included salesperson, cash-
ier, buyer, inventory clerk, record keeper and
even crafts people and bakers. Later on the stu-
dents added to their list of jobs: loan officer,
advertisement coordinator, and entertainment
coordinator.

Each job description, as defined by the stu-
dents. also stated what types of skills were
necessary to be successful at each job. For ex-
ample:

A salesperson needs to:
have knowledge of merchandise in stock;
be friendly and helpful to people, even when
rushed;
be able to add simple numbers in your head;
know how to add the cost of merchandise to
help the customer determine if he/she has
enough money to pay for the item(s);
know how to discount sale items.
These descriptions were always subject to

change as students discovered new areas of ex-
pertise they felt were important to each job.
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CONNECT
Practice run
Before the students actually put their store into
operation, we had a practice week in math class.
Each student brought in an item for under a dollar
to sell at the "trial run." We went through every
step of running a store that they would encounter.
ordering merchandise, markup from wholesale to
retail prices, opening and closing procedures for
setting up the till, selling, making change, record
keeping, keeping an inventory and re-ordering.
Centers were set up so that every student was able
to participate in all the aspects of running the store
during practice week.

What to sell
Careful consideration should be given to this
matter. We decided to sell school supplies, nutri-
tional snacks and student-made crafts. We also
decided to sell items that were under a dollar
and put a dollar cap for spending. We wanted
everyone to have an opportunity to participate
in the shopping and did not want money to be-
come a status issue.

Start-up costs & physical set-up
Students wrote a letter to the PTO asking for a
loan of $65.00 to invest in stock with a payback
schedule attached.

Once the loan came through students started
preparing for their grand opening. Each student
signed up for their first job. Those who were
hesitant about their ability to perform certain
tasks could be an apprentice to a peer teacher.

For a physical set-up, nothing elaborate is
necessary. We used a roll-away cart that we actu-
ally rolled into different classrooms. Designing
a math store structure would be a wonderful
construction project!

The grand opening
The opening date was well advertised in the
5th/6th grades. With a bustle of energy and en-
thusiasm, the grand opening was a success.
Over time, changes and additions to store rou-
tine became apparent and needed to be worked
on collectively. Students took on more responsi-
bility and began to organize baking groups and
encourage student artists to sell their wares.
They were motivated and challenged by the de-
mands of their customers and their drive to
make their store a success.

Regular follow-up and reflection
After every store closing, students would work to-
gether to prepare an update report for the group.

At a group gathering students presented a finan-
cial report and an update on inventory items. A
discussion followed that allowed students to re-
flect on the store
operations and make
suggestions for im-
provements and
changes. Task forces
were established to ad-
dress issues brought
up in the discussion

Students were continually
engaged in problem solving

at every level of store
operation.

and each student chose a job for the next open-
ing of the store.

Evaluation and assessment
Noting the math skills and concepts covered by
running different aspects of the store made it com-
fortable to assess student learning by watching
them prepare and perform their job. Students also
kept a math journal to reflect on the trials and
tribulations of running the store. This served as a
valuable tool for assessing and evaluating students
learning. Attending to students' participation in
problem solving related to the store was also valu-
able in assessing their development and
understanding of math concepts and skills.

Extension and integration
Many opportunities for integration present them-
selves as students discover new ways to serve
their customers and operate their store. For in-
stance, students decided to sell only "healthy"
snacks at our store which became a springboard
for discussing nutrition. One year we had an-
other class make jewelry and we sold their
merchandise on commission in our store.

The store has been a wonderful opportunity
for students to actively engage in hands-on
math in a meaningful way. Each year as a new
group of students comes to the class ready to be-
gin their own business, the extent of
involvement and complexity of the operation is
determined by the collective needs of the stu-
dents. The same process and structure for
preparing to operate the store and the actual run-
ning of the store provide a skeleton from which
I operate. However, the details and meat of the
matter are dependent on the students and the ex-
tent to which they are developmentally ready
for the math concepts and skills covered in the
different aspects of running the store. va

DEBORAH BLACK has a B.S. in Communications
Disorders and a M.Ed. in Deaf Education and has taught
for 10 years overseas and in the United States.
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CONNECT

Employer expectations for school
mathematics
by Henry 0. Pollak
WHY DOES SOCIETY give us so much time
to teach mathematics? There are. of course, rea-

sons internal to the

Experience with problem
formulation is exactly what

we need in business and
industry.

educational system:
This is needed to pass
the test, that is needed
for the next course,
etc. At this point, I am
more interested in rea-
sons outside of

education itself. We need to teach mathematics
for practical everyday life;
for intelligentcitizenship;
for employment;
as part of overall human culture.
There is much overlap among these pur-

poses. We will focus our attention on the
mathematics needed for employment.

My views are based on 35 years of experi-
ence in the telephone industry, most of it in the
Bell System prior to divestiture. As a mathema-
tician, I had the job of sticking my nose into
everybody's business. On the basis of this life-
long experience of myself and my many
colleagues. here are some thoughts about mathe-
matical expectations of employers:

1. Employees need to
know how to set up a
problem. that is. to
take a situation in the
real world of work
and formulate a pre-
cise question the
answer to which
would help with the
situation at hand.
2. They need to be
able to figure out
what an answer
should look like be-
fore they start to
solve. If the problem
is numerical. for ex-
ample. about how big
should the answer be.
and what sort of preci-
sion should they aim
for?

Expectations in the Workplace
for School Mathematics

1./ The ability to set up problems with the ap-
propriate operations.
Knowledge of a variety of techniques to
approach and work on problems.
Understanding of the underlying mathe-
matical features of a problem.
The ability to work with others on prob-
lems.

The ability to see the applicability of
mathematical ideas to common and com-
plex problems.

Preparation for open problem situations
since most real problems are not well for-
mulated.

Belief in the utility and value of mathe-
matics.

(Pollak. 1987)

3. Once the problem and a desired accuracy are
defined, the employee should know, or know
where to find. SOME method of solving it.
What method is used is not important!
4. The employee should know that it is possible
to look at a tremendous variety of practical situ-
ations in an analytical, structured, systematic,
quantitative, i.e., "mathematical" way.
S. Employees need to be able to work together.
to function as a team, to help each other.
6. They need to be able to communicate, to get
across by the spoken and the written word what
they are thinking about and what they have
done.

These are simplified, abbreviated statements
of need. but I think that business will recognize
their importance.

Let me now switch hats but still on the
same head and ask what these needs say to
the processes and content of mathematics educa-
tion. How is all this related to the Standards,
and to the many current movements and
changes? Here are some further thoughts:
1. A key difference between "NCTM's Agenda
for Action," from 1980, and the Standards al-
most 10 years later, is the evolution from the
prime emphasis on problem solving in 1980 to
problem finding, before you try to solve, in
1990. Experience with problem formulation is
exactly what we need i" business and industry.
2. One effect on mathematics education of the
rapidly changing technology is the even greater
need than before for teaching estimation (at the
developmentally appropriate level). This is also
exactly what the employer needs. Before you
start any problem. you ought to have an idea
how big the answer ought to be. You also need
to know, as was pointed out above, what preci-
sion is required. When you have done both of
these, then you can consider alternative meth-
ods. If it is a numerical problem. do you want to
do it in your head, or on a calculator, or by pa-
per and pencil, or on a computer? It is terribly
important that future employees have learned to
do all four of these and have developed some
(metamathematical) judgement about when to
use which.
3. There is a great variety of mathematical
thought. In the past. the bulk of students i.e.
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future employees have at best seen three of
these in school: geometric, arithmetic, and alge-
braic. In the world of work, we also meet
situations which are inherently uncertain. The
information is essentially probabilistic, and stu-
dents must learn how to deal with it. There are
other situations which are data-driven, and fu-
ture employees need to know how to look at
data and draw potential conclusions from them.
Many real-world situations require planning, op-
timizing, choosing among alternatives. Thus the
beginnings of the mathematics we call operat-
ing research 'are very useful. Many real-world
situations we combinatorial or graph-theoretical
or algorithr tic in lature, and students should
therefore have seen these kinds of mathematics.
4. The fact that it is possible to look at so much
of the world in mathematical ways is the es-
sence of mathematical modelling. Students need
to have experienced this.
5. One of the most helpful developments in edu-
cation in recent years is cooperative learning.
When students learned only the behavior of
competing with one another, one of the first.
and most difficult. behaviors which employers
have had to teach is cooperation. Group work
will, we hope, help with this problem.
6. Language across the curriculum is another
very hopeful and valuable trend. A piece of
work is of no use to the company if it is neatly
engraved in the employee's head or notebook,
but unavailable to anyone else. Knowing how to
speak and how to write is essential in making
yourself useful to your employer. Writing in
mathematics will help to prepare the future em-
ployee for this: so will oral reports of work.

The competitive position of the United States
in the twenty-first century makes it essential
that we do better in mathematics education than
we have in the past. An awareness of the needs
of employers will help to move the System in di-
rections which will benefit everyone.

HENRY 0. POLL-1K is a Visiting Professor at Teachers
College/Columbia I. inn ersity. and retired Assistant Vice
President of Bell Communications Research. Inc.
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Evaluating Problem Solving
in Mathematics

Effective assessment of problem solving in math
requires more than a look at the answers students
give. Teachers need to analyze their processes and
get students to communicate their thinking.

WALTER SZETELA AND CYNTHIA NICOL

In its Curriculum and Evaluation
Standards for School Mathematics,
the National Council of Teachers

of Mathematics expanded the goals it
developed in 1980 for promoting
problem solving as a curricular focus
(NCTM 1989). The first three stan-
dards Mathematics as Problem
Solving, Mathematics as Reasoning,
and Mathematics as Communication

show a shift from, emphasis on
rules and routine problem solving
dominated by teacher talk and passive
learning, to active student participa-
tion, in which reasoning and commu-
nicating are stressed.

These efforts are admirable, but
they create new challenges, especially
in assessment of these higher-level
skills. Problem solving requires
considerable thinking, but even when
studmts are able, they are not inclined
to communicate their thinking.
Without such communication, how
can we reliably assess students' efforts
to solve problems? Before discussing
how to improve communication and
assessment, it is useful to clarify the
notion of a problem and problem
solving.

The Nature of Problems and
Problem Solving

Problem solving is the process of

42

confronting a novel situation, formu-
lating connections between given
facts, identifying the goal, and
exploring possible strategies for
reaching the goal. A problem; then, is
a situation in which the individual
initially does not know any algorithm
or procedure that will guarantee solu-
tion of the problem, but the individual
desires to solve it.

Success in problem solving depends
upon metacognitive processes, as
described by Garofalo and Lester
(1985). The following list summa-
rizes the typical sequence of actions
for successful problem solving:

1. Obtain an appropriate representa-
tion of the problem situation.

2. Consider potentially appropriate
strategies.

3. Select and implement a
promising solution strategy.

4. Monitor the implementation with
respect to problem conditions and
goals.

5. Obtain and communicate the
desired goals.

6. Evaluate the adequacy and
reasonableness of the solution.

7. If the solution is judged faulty or
inadequate, refine the problem repre-
sentation and proceed with a new
strategy or search for procedural or
conceptual errors.

182

These metacognitive processes are
difficult to assess, but assessment can
be expedited by creating problem situ-
ations that facilitate students' commu-
nication of their thinking

Difficulties in Assessment
of Problem-Solving Performance

The difficulty of assessing complex
processes necessary for solving prob-
lems is exacerbated by the failure of
students to communicate clearly what
they have done or what they are
thinking. Students are prone to make
calculations without explanations, and
calculations alone often fail to reveal
sufficiently the nature of the solver's
work and thinking. It is not enough to

RIGUN t 11

ANALYTIC SCALE FOR
PROBLEM SOLVING

Understanding the problem
0 - No attempt
1 Completely misinterprets the problem
2 - Misinterprets major part of the problem
3 - Misinterprets minor pan of the problem
4 Complete understanding of the problem

Solving the problem
0 - No attempt
1 - Totally inappropriate plan
2 - Partially correct procedure but with

major fault
3 - Substantially correct procedure with

minor omission or procedural error
4 - A plan that coukl lead to a correct

solution with no arithmetic errors

Answering the problem
0 No answer or wrong answer based

upon an inappropriate plan
1 - Copying error; computational error

partial answer for problem with multiple
answers; no answer statement answer
labeled incorrectly

2 - Correct solution

EDUCATIONAL LEADERSVP
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check for right and wrong answers or
to use multiple-choice formats for
assessment of problem solving. As
Silver and Kilpatrick (1988) state:

A reliance solely on the sleek effi-
ciency of multiple-choice (and other
short answer) formats will severely
hinder efforts to help students
develop a reflective and interroga-
tory stance toward their learning.

If we can devise methods for eliciting
better communication of students'
thinking, we can perform more effec-
tive assessment. Such assessment
measures the quality of students'
thinking. This information can help
teachers design and implement
instruction to promote greater success
in problem solving and can help
administrators evaluate programs and
curriculums.

Assessment of Solved Problems
The most natural and common method
for assessing performance in problem
solving is to obtain general impres-
sions about the quality of a solution
while scanning students' work. These
general impressions are strongly influ-
enced by the "proximity of correct-

ness" of the answer. As a result, good
solutions with minor errors due to
carelessness that alter the answer
dramatically can receive undeservedly
low scores. Scales are available that
focus more attention on solution
procedures, enabling teachers to
obtain fairer and more reliable scores.
For example, Charles, Lester, and
O'Daffer (1987) devised a scale that
assigns separate scores to each of three
stages in problem solving: under-
standing the problem, solving the
problem, and answering the question.
Figure 1 shows a modification of their
scale, with increased emphasis given
to the understanding and solving
stages (Wilson 1991).

The Charles, Lester, and O'Daffe
scale and its modified forms are easy
to use. An advantage of such a scale
is that a teacher may focus on only one
of the stages. For example, a teacher
who is emphasizing strategy selection
and implementation can assess each
student's solving procedure irrespec-
tive of the answer.

The California Assessment Program
(Pandey 1990) includes comprehensive
descriptions of various levels of perfor-
mance for specific problems. This is

;'0.JRE
CATEGORIES OF RESPONSES IN SOLUTIONS TO PROBLEMS

Answer Strategy Selected

1. Blank
2. Undetermined
3. Incorrect
4. Correct

Statement

1. No statement
2. No context
3. No units
4. None reauired
5. Complete

1. Number sentence
2. Select operations

and calculate
3. Algebraic
4. Non-systematic list
5. Systematic list
6. Guess and test
7. Draw diagram
8. Look for pattern
9. Logical reasoning

10. Use simpler case
11. Work backwards
12. Undetermined

Implementation

1. No work shown
2. Identities data only
3. Problem misinterpreted
4. Strategy not clear
5. Strategy initiated

(table, graph, list) but
incomplete or poorly
implemented

6. Conditions or possibilities
overlooked

7. Multiple secondary errors
8. A single secondary error
9. Appropriate and complete
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Problem solving
requires considerable
thinking, but even
when students are able,
they are not inclined
to communicate
their thinking.

appropriate for large-scale assessment
programs. However, the classroom
teacher has little time to construct
=tales for individual problems.
Teachers need assessment proced
and scales that they can modify ortrril
intact for a wide range of problems.

Categorizing Responses
to Problems
Scales for assessment of problem
solving can be designed without
creating an evaluative threat to
students. Such a system of scales was
constructed for use in the 1990 British
Columbia assessment of problem
solving (Szetela 1991). Instead of
scoring the solutions only, teachers
analyze the responses to problems on
the basis of four categories: answers,
answer statements, strategy selection,
and strategy implementation (see fig.
2). Teachers can use a single category
to determine how well their students
are addressing a particular aspect of
solving problems. One focus might be
on strategies used. Another might be
directed toward answer statements.
Incomplete statements that fail to
include the units taught or importan
contextual information may serve as
focal points for teachers in their subse-
quent instructional activities.
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Students are prone
to make calculations
without explanations,
and calculations alone
often fail to reveal
sufficiently the
nature of the
solver's work
and thinking.

Promoting Greater Communication

To further enhance assessment, we
need to devise problem situations and
questions that encourage and motivate
students to communicate and explain
their thinking. Figure 3 shows one
way to do this. An already solved
problem with a significant error,
combined with a set of relevant ques-
tions about the solution, facilitates
communication. As with an unsolved
problem, students must form a suitable
representation of the problem. Instead
of solving the problem themselves.
however, they analyze the given solu-
tion. Finally, they reveal their
thinking by answering the pertinent
questions. Answers to these questions
can provide more comprehensive
insights about the student's thinking in
problem situations than more typical
problem formats, in which students
may have various levels of success but
fail to reveal their thinking.

Assessment of responses to the
questions accompanying the already
solved problem can be done in less
time than it normally takes for
teachers to plod through the usual

wide range of solution procedures for
a given problem. The main goal of the
example in Figure 3 is to determine
whether or not a student understands a
problem situation well enough to
recognize the incongruity of the given
answer despite excellent implementa-
tion of a good plan, with the problem
solver running awry only in the care-
less writing of the answer statement.
Teachers can provide continuing expe-
riences for students to critically
analyze solutions and communicate
their observations and responses to
relevant questions. Such
practice can help students
engage in reasoning, eval-
uating, and communi-
cating, and can enable
teachers to assess these
problem-solving
processes more
effectively.

Other forms of prob-
lems with questions to
stimulate thinking and
written communication
include the following:

Present a problem
with all the facts and
conditions, but have the
students write an appro-
priate question, solve the
completed problem, and
write their perceptions
about the adequacy of the
solution.

Present a problem and
a partial solution. Have
students complete the
solution.

Present a problem
with facts unrelated to the
question. Have students
comment about the
quality of the problem or
revise the problem to
remove the incongruity.

Have students explain
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how they would solve a problem using
only words, then solve the problem
and construct a similar problem.

After students solve a problem,
have them write a new problem with a
different context but preserving the
original problem structure.

Present a problem without
numerals. Have students supply
appropriate numerals, estimate
answers, and solve the problem.

Teachers can assess the quality of
each response by using a scale such as
the following:

FiatIRE 3

Example of Problem that Asks Students to
Communicate Thinking

A bowl contains 10 pieces of fruit (apples and oranges).
Apples cost 5 cents each and oranges cost 10 cents each.
All together the fruit Is worth 70 cents.
We want to find how many apples are In the bowl.
Kelly tried to solve the problem this way.

10 x S= so g X 5= o

a x ro = 3 x to a. S 0
70 x io 'to

S =5 -4,44 AA.r...4.)

3 o C947:44. .1:-kt. tAL
Try to follow Kelly's work and solution. Then answer the
questions.

1. is Kelly's way of solving the problem a good one?

Yd.

Tell why you think it Is or Is not a good way.

beea.te if titt ten you lie Po s: bit
s ttutio., %Aid,. it you want (wt.
she 4;4,6.1- r eaS c.arfully

2. Did Kelly get the right answer?

No
Explain why she did or did not.

bac. 10 se iVtcre are of, ly
items

in file b4skct

'Ma
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1. No response or simplistic or irrel-
evant response.

2. A relevant response but of minor
importance with respect to the ques-
tion or problem.

3. A reflective and significant
response but with an important omis-
sion or misconception.

4. A comprehensive, logical, and cor-
rect response to the question or problem.

These suggestions for assessment of
problem solving have the potential to
reveal much more than we currently
know about students' thinking, their
conceptions, their weaknesses, and
their strengths. With better awareness
about students' knowledge and
thinking, teachers can plan more effec-
tive instruction, and the outcome is

more likely to be better learning of
higher-order skills essential to success
in problem solving.
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